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Readers Guide
The objective of this section of the portfolio is to guide the reader through the following 
components of this portfolio.
The main portfolio has been split into 4 sections:
Overview Sections,
Research Projects,
Technical Digests,
Supporting Evidence.
Additional compulsory elements of the submission have been included in separate 
volumes (Volume III and IV) and include the 6-month reports produced during the course 
of the project. These documents should be viewed as supplementary to the main portfolio 
purely as a demonstration of the development of the project over time. All key research 
elements and the contributions to knowledge have been re-written and included in the 
main portfolio Volumes I (Part A and B) and II.
Each element of the main portfolio is described in turn below.
Overview Sections
The aims of these sections are twofold. Firstly, the Abstract and Executive Summary are 
used to bring together the main findings of the research project documents and to 
describe the overall contributions to knowledge of the EngD. Secondly, this Readers 
Guide, the Glossary and Contents Sections guide the reader through the portfolio and the 
key recurring technical terms.
Research Projects
The aim of these sections is to describe the research projects undertaken. There are four 
Research Projects that make up this EngD:
1. Expert Judgement Study,
2. Volume Estimation Techniques,
3. Grid Assessment (GR:ASS) Tool, and
4. Developers Guides.
Each of the above Research Projects contains the following sections:
Introduction and Aims: aims and objectives of the research.
Background: a summary of the relevant literature and the research need that is 
addressed. These sections refer to the Technical Digests described below.
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Method: a summary of the methods used in the specific research project being 
described.
Results / Testing: results of the research / testing of the support tools produced.
Discussion: considering the findings and limitations of the study in the context 
described.
Conclusions: The key findings of the research project, contribution to knowledge 
and further research.
Technical Digests
Within the Research Projects the context and drivers for that project are described in the 
background section. The research projects have a number of overlapping themes and as 
such the literature reviews relevant to the Research Projects also overlap. To prevent 
repetition in the write up the detailed literature review for this portfolio has been broken 
into a number of Technical Digests. Each Technical Digest describes an area of research 
relevant to one or more of the Research Projects.
The following table lists the Technical Digests with a brief description and indicates which 
Research Projects they apply to.
Technical
Digest Description
Research Projects
RP1 Expert 
Study
RP2 Volume 
Estimation 
Techniques
RP3
GR:ASS
RP4
Developers
Guides
TD1:
Legislation
An overview of 
UK legislation 
relevant to 
Brownfield 
development and 
contaminated 
land assessment
TD2: Guidance 
and Best 
Practice
An overview of 
industry 
guidance related 
to UK 
contaminated 
land assessment
V
TD3: Decision 
Theories
A review of 
research into 
theories of 
decision making
S V
TD4:
Contaminant
Behaviour
An introduction 
to key 
contaminants for 
this research and 
their fate and 
behaviour in the 
environment
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Technical
Digest Description
Research Projects
RP1 Expert 
Study
RP2 Volume 
Estimation 
Techniques
RP3
GR:ASS
RP4
Developers
Guides
TD5: Volume 
Estimation 
Techniques
A review of 
volume 
estimation 
techniques used 
for contaminated 
land 
assessment.
TD6: Existing 
Contaminated 
Land 
Assessment 
Tools
A review of 
global 
contaminated 
land assessment 
tools.
V
TD7:
Remediation
Technologies
A summary of 
the remediation 
technologies 
available for 
contaminated 
land
Table RG.1 Interaction between Research Projects and Technical Digests
Supporting Evidence
This section comprises a collection of the supporting documents for each research 
project. The documents include:
Journal papers -  accepted for publication and submitted for consideration.
Conference publications -  papers, abstracts and posters.
Research project documents -  these include the output documents from 
Research Projects and other supporting data. For example the expert study 
casebook, the GR:ASS user manual and the Developers Guides.
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The key technical terms defined here are used throughout the Portfolio.
Bioavailability -  The degree to which a contaminant in the environment can be taken up 
by an organism. The bioavailability of a chemical to the receptor will depend upon its 
chemical and physical characteristics, and the characteristics of the media it is in. For 
example, hydrophobic compounds tend to bind to organic matter present in the soil or 
water, making them less ‘bioavailable’ to the receptor. To a certain degree, bioavailability 
also depends upon the physiology of the receptor of concern and the route of exposure. 
(Sheppard et al, 2003).
Brownfield land -  This is land or premises that have been previously used or developed, 
also referred to as ‘previously developed land’ (PDL). There is no inherent connection to 
unacceptable risk from land contamination, although the land may be affected by 
contamination. The Planning Policy Guidance Note 3 (PPG 3) defines previously 
developed land as “land, which is or was occupied by a permanent structure (excluding 
agriculture or forestry buildings, associated fixed surface infrastructure)” (ODPM, 2000). 
Some examples of the types of site that fall under this description are; “previously 
developed land which is now vacant, vacant buildings, or derelict land and buildings” 
(LRN, 2000).
Contaminated land -  Land that contains substances that are damaging to, or pose 
unacceptable risk to human health or the wider environment given the use of the site. It is 
defined in Part IIA (Section 78(2)) as:
“any land which appears to the local authority in whose area it is situated to be in such a 
condition, by reason of substances in, on, or under the land, that:
(a) significant harm is being caused or there is a significant possibility of such harm 
being caused; or
(b) pollution of controlled waters is being, or is likely to be, caused. ”
Contaminated land is a form of ‘land affected by contamination’.
Controlled waters - The definition of controlled waters is given in the Water Resources 
Act 1991 and includes:
■ territorial waters, which extend seawards for three miles
■ coastal waters
■ inland freshwaters (any inland water above the freshwater limit)
■ ground waters (any waters contained in underground strata).
This definition of ‘ground waters’ under the Water Resources Act (any waters in 
underground strata), differs from the definition under the Groundwater Directive 
(80/68/EEC) which is limited to water in the saturated zone. For the purposes of Part IIA,
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the Environment Agency currently considers ‘ground waters’ to be water in the saturated 
zone only, i.e. groundwater, rather than water in the unsaturated zone (EA, 2002).
Derelict land -  This is defined as “land that is so damaged by industrial or other 
development that it is incapable of beneficial use without treatment (DoE, 1988)
Geo-spatial statistics -  This is the statistical analysis of data that is tied to a 
geographical position on the Earth’s surface (Arlinghaus, 1996).
Greenfield land -  This is any land that has not previously been developed, and includes 
agricultural land (LRN, 2000)
Heavy Metals - The term ‘heavy metals’ is not well defined but is commonly used. The 
general definition used in this research is; “a group of metals and metalloids which are 
associated with pollution and toxicity, but also includes some elements which are 
essential for living organisms at low concentrations.” (Alloway, 1990). Heavy metals 
include; antimony, arsenic, cadmium, copper, chromium, cobalt, gold, lead, mercury, 
manganese, molybdenum, nickel, selenium, silver, thallium, uranium, vanadium and zinc 
(Alloway, 1990).
Kriging -  A form of geospatial statistics used to produce an interpolated grid of data. The 
interpolated data is based on a variogram which represents the variance of the parameter 
with distance (Nicholls and O’Brien, 1998).
Land affected by contamination -  A general term for land contamination that is distinct 
from the definition of ‘contaminated land’. “This is intended to cover all cases where the 
actual or suspected presence of substances in, on or under the land may cause risks to 
people, property, human activities or the environment, regardless of whether or not the 
land meets the statutory definition in Part IIA.” (Annex 2 of ODPM, 2004)
Part IIA -  Part IIA the Environmental Protection Act 1990
Pathway -  Defined in Section 78A(7) of Part IIA as “one or more routes or means by, or 
through which a receptor; is being exposed to or affected by a contaminant, or could be 
exposed to or affected'.
Pollutant Linkage -  The term used when a source of contamination is present on a site 
along with a receptor and a pathway linking them together (‘source-pathway-receptor’) 
(Defra, 2004).
Previously Developed Land (PDL) -  See Brownfield land
Receptor -  Defined in Section 78A(7) of Part IIA as either “living organisms, an ecological 
system or a piece of property, which is being or could be harmed by a contaminant, OR 
controlled waters which are being or could be polluted by a contaminant'.
Remediation -  Defined in Section 78A(7) of Part IIA and covers the assessment of the 
condition of a contaminated site, carrying out works to mitigate the risks of significant 
harm from the contamination and continued monitoring of the condition of the site.
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Risk -  Risk is defined in British Standards as “combination of the probability of an event 
and its consequence” (BSI, 2002). Specifically relating to contaminated land; for risk to 
occur the following must be true: a source of contamination (at a level that is potentially 
hazardous to human health or the wider environment) and a receptor that can be affected 
by the source must be present, and a pathway is required to link the source and receptor. 
In essence the ‘event’ is the combination of these three elements
Risk Assessment -  This is the process of assessing the risks from a specific hazard 
and making a judgement on the consequences. In the case of contaminated land 
assessment the hazard is the contamination present on a site (Defra, 2004).
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Abstract
The assessment of risk from land contamination is a key part of the process of Brownfield 
development. The issues faced include commercial time and cost pressures, dealing with 
complex and uncertain data and ensuring compliance with guidance and legislation. In 
addition to these technical issues the industry is reportedly facing a skills shortage due, at 
least in part, to an increasing regulatory demand for Brownfield development and the 
consequential need for the assessment of land contamination. This has highlighted a 
need for training and support for less experienced practitioners entering the industry. The 
aim of this EngD research has been to investigate how decisions are made by experts 
and novices in this complex and uncertain environmental context.
The research contained within this portfolio includes four research projects that address 
this research aim. The first project is an assessment of how experts make decisions 
regarding risk from land affected by contamination. The second involves the comparison 
of practical volume estimation methods for estimation of contaminated soil volumes to the 
assessment by experienced industry professionals. In the third project a prototype 
Microsoft Excel based tool has been developed to support novices in the combination of 
qualitative and quantitative data to assess the extent of contamination on a site. The final 
project investigates the differences in novice and expert views on prescriptive guidance 
documents for housing developers.
The general theme that runs through the research is the comparison of decision making 
by experienced and novice professionals relating to Brownfield developments affected by 
contamination. The differences have been demonstrated throughout the projects and 
used to develop a series of decision support tools for novices. Expertise is associated 
with specific non technical skills that allow the efficient and appropriate use of judgment. 
It is hoped that an understanding of the experts approach to a range of decision tasks 
may inform the development of efficient training and guidance in the industry.
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Executive Summary
The following executive summary includes an introduction to the context for this EngD 
research, outlines the aims and objectives for the research, summarises the findings and 
contributions to knowledge of each of the four research projects and finally offers some 
overall conclusions. The general theme that runs through the research is decision making 
by experienced and novice professionals relating to Brownfield developments affected by 
contamination. The cases presented are specifically related to housing developments in 
the UK. The research projects address different aspects of this theme and include the 
use of techniques to aid decision makers.
Context
In the UK1 there are large areas of previously developed land (PDL), also referred to as 
Brownfield land. There are opportunities for using such land for future developments and 
some clear benefits of doing so. The Environment Agency (EA) for England and Wales 
presents the following argument in their position statement on the use of Brownfield land.
“Concentrating development on Brownfield sites can help to make the best 
use of existing services such as transport and waste management. It can 
encourage more sustainable lifestyles by providing an opportunity to recycle 
land, clean up contaminated sites, and assist environmental, social and 
economic regeneration." (EA, 2003).
In Scotland the Scottish Environmental Protection Agency (SEPA) similarly “supports the 
redevelopment and remediation of brownfield land as a key element of sustainable 
development” (SEPA, n.d.). There are many possible uses for Brownfield land, however 
the land use that is the focus for this research is housing. Brownfield land is being 
increasingly used for development in England, in part, as a reaction to the government 
target for 200,000 new homes to be built per year by 2016 (HM Treasury, 2007), 60% of 
which are to be located on Brownfield land (ODPM, 2003). At the time of the research the 
private housing market was also particularly buoyant. Despite the recent economic down 
turn, the government targets for affordable housing still apply. With this in mind the 
relevance of housing developments still remains and, as the housing market recovers, is 
likely to increase once again. Notwithstanding the debate as to whether or not the 
development of housing on Brownfield land is preferable to Greenfield sites and what the 
best method to house a growing population actually is (Pacione, 2004), the use of 
Brownfield land for this purpose is promoted by UK government (ODPM, 2003). However, 
there are some general disadvantages to the use of Brownfield land, for example 
development may be more expensive than for a Greenfield site, and some disused 
Brownfield sites may provide wildlife habitats that would be disturbed if the land were 
developed (EA, 2003). Nevertheless there is a continuous need to develop on land, and 
there is a finite amount of land to develop on. Accepting the need for a balanced 
approach to the use of Brownfield land, such sites do offer at least part of the solution to 
development needs in the UK.
1 The geographical context for this research is the UK with specific emphasis on England where regional 
variations in legislation and regulatory bodies applies.
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Some of the Brownfield land that is available for development has been subject to 
polluting industries in the past leading to contamination of the soil (Defra, 2004). Two 
prominent legal2 drivers for evaluating the extent of contamination on a Brownfield site 
are:
1. planning for new developments (ODPM, 2004), and
2. the legal requirement for land to be suitable for its current use under Part IIA of 
the Environmental Protection Act (1990) (hereafter referred to as Part IIA)3.
The majority of contaminated land is dealt with through the planning process and 
voluntary remediation is the preferred method for addressing unacceptable risks (Defra, 
2008). Under the planning regime the assessment of land contamination is a material 
concern, and as such must form part of all planning applications (ODPM, 2004). Both 
Part IIA and the planning regime use a risk-based process for assessing land affected by 
contamination using the ‘source-pathway-receptor’ model. For sites that are considered 
to have unacceptable levels of contamination remedial treatment of some kind is required. 
The aim of such remediation is to break the ‘source-pathway-receptor’ link. As noted 
above, this research is focussed on housing development sites, and as such deals 
primarily with the planning regime. However, the results of this research have a broader 
application for other land uses, and there is an interaction between the planning regime 
and Part IIA3 that would permit application of the findings to assessments of land under its 
current use.
A number of decision makers are involved during the assessment and remediation of land 
affected by contamination (CIRIA, 2001): the contractor, the developer or client, regulator 
and consultant are the most prominent. Other stakeholders who could have an influence 
on the decisions made, but are not involved directly, include adjacent and future land 
users and financial institutions / investors funding the works. This research deals 
predominantly with support for consultants conducting risk assessments and other 
professional support during the development process. This reflects the role of the 
sponsoring organisation (Tony Gee and Partners LLP). The research undertaken also 
covers the range of stages in a development process: developer interactions with the 
planning regime, consultants’ risk assessments and consultant and contractor remediation 
designs.
As noted above, the assessment of land contamination is an essential part of planning 
applications. The data used to complete such a risk-based assessment includes 
qualitative and quantitative information about the proposed development site. A key 
information source is site investigation (SI) data, whereby contamination levels are 
identified at discrete locations across a site. SI data plays an important role in assessing 
land contamination, however, practical and commercial limitations mean that a relatively 
small volume of, what is generally heterogeneous, material is tested. In a typical site 
investigation, data used to assess the properties for the ground “represent 1/100,000 or
2 There are some regional variations in legislation between countries within the UK. Hereafter legislation 
described refers to England specific legislation unless stated otherwise.
3 A review of the UK legislation relating to contaminated land can be found in Technical Digest 1 (TD1).
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less of the total volume of the soif’ (Parsons and Frost, 2002). The limited numerical data 
available must be combined with other information to assess the severity and extent of 
contamination on a site. A wealth of guidance and documentation is available to help 
assessors with this process4. The guidance that is available tends to deal with limited 
aspects of the assessment process in detail (e.g. CLAIRE, 2008), or offers a generalised 
approach to the whole process (e.g. Defra, 2004). This is perhaps unsurprising given the 
very nature of the assessment of land affected by contamination, where each site is 
unique and will present its own challenges and so prescriptive guidance that includes all 
possible nuances is simply impractical. The type of assessment of land contamination will 
vary depending on the stage of the development. For example; feasibility of site 
development, initial risk assessment stage, detailed risk assessments, remediation design 
through to validation of remedial works. Despite the varied level of detail, the assessor 
will still need to make an assessment based on complex and often incomplete data 
available. The need for judgement in risk assessments, and the approaches to dealing 
with limited and uncertain data are addressed in the research.
The need for assessment of land contamination to meet planning requirements (ODPM, 
2004), and the relative uncertainties associated with the available information for such 
assessments have been highlighted above. The next issue to consider is how individuals 
in the industry carry out these assessments, and how they apply their judgement to the 
process. Generally in guidance a procedural, step-wise process is described, however it 
has been noted that professional judgement also plays a significant part. The ability to use 
professional judgement in decision making comes with experience. One issue facing the 
contaminated land industry is a reported skills shortage, which poses a problem when 
experienced professionals are in high demand for their judgement skills. The UK skills 
shortage occupation list (Home Office Border and Immigration Agency, 2007) lists a 
number of engineering disciplines including geo-environmental and contaminated land. In 
addition, the Academy for Sustainable Communities (ASC) and English Partnerships (EP) 
have produced a report detailing the Brownfield skills shortage issue and propose 
methods to deal with it, such as management tools to support on the job learning within 
organisations and additional modular programmes for training (ASC and EP, 2008). The 
former suggestion clearly recognises the importance of experience in developing skills. In 
response to a shortage in experienced professionals, there is a growing need for less 
experienced engineers (hereafter referred to as ‘novices’) to make the judgement-based 
decisions necessary in assessments of land contamination. In general terms there is a 
need to develop individuals’ skills within the industry. To do this they need to understand 
how experienced professionals make decisions, the skills that they possess, and how 
those skills are developed5. Klein discusses the difference between experts and novices 
(Kein, 1999). There are a number of skills that an expert has over a novice that are 
acquired from experience. Klein (1999) describes these skills as abilities to see things 
that are ‘invisible* to non experts, including:
the ability to recognise patterns, or typicality,
4 Key elements of guidance are described in Technical Digest 2 (TD2)
5 The development of expertise and the key skills associated with it are discussed in Technical Digest 3 (TD3).
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situational awareness, seeing the ‘big picture,
understanding of the way things work through mental models of the processes 
that control the features of the situation,
recognising opportunities and improvisations that can be made,
fine discrimination, as experts see subtle differences that one can only be 
aware of after having experienced a variety of situations, and
managing own limitations as experts have an ability to see inwardly to 
recognise their own strengths and weakness and manage them.
With regard to the use of expertise, Klein (1999) proposes that experts approach 
problems differently to novices. Orasanu and Connolly (1993) suggest that these 
differences are only advantageous in decision contexts where there are large 
uncertainties and judgement is required. The assessment of land affected by 
contamination is certainly classed as a context that requires judgement, and as such 
expertise can be considered as beneficial. To investigate the human aspect of decision 
making, as opposed to the procedural / technical aspects, the research in the field of 
psychology has been used. Specifically, research in the area of Naturalistic Decision 
Making and Behavioural Decision Making is of interest. Here researchers are concerned 
with how the decision context and the decision maker interact in real, complex decision 
situations (Klein et al., 1995). Beach (1997), comments that “naturalistic theory is very 
much influenced by the need for practical knowledge about real-world decision making, 
as such the approach recognises that the experience of the decision maker is key to the 
process6. Investigation into the decision process of experienced assessors based on 
these theories of decision making is included in this research.
Each of the research projects in this portfolio relate to different stages and types of 
decision required in Brownfield development projects. Within each project the process 
used by the decision maker and appropriate support for their level of experience is 
considered.
Research Aims and Objectives
The previous section has highlighted some key technical features of the Brownfield 
development context and also noted some issues relating to the human factors involved in 
decision making. With these in mind the overall aim of the research was to investigate the 
decision processes used by contaminated land professionals, and the proposed outcome 
was decision support tools to support novice assessors address a range of stages in the 
Brownfield development process.
The main technical issues that are considered through the different research projects are:
1. recognition and management of uncertainty in the available data,
6 A more detailed review of decision theories can be found in TD3.
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2. assessment of the extent of contamination (including immobile contaminants), 
and
3. combination of qualitative and quantitative data.
The investigation into human decision making is characterised by the following themes 
that run through the research projects:
1. the difference between expert and novice approaches to decision making,
2. the form of decision support for novice decision makers, and how that may aid 
development of expert skills, and
3. the need to capture judgement in decision making processes and effectively 
communicate the associated uncertainties in decisions.
This EngD Portfolio is made up of four Research Projects (RP):
1. RP1: Expert Judgement in Contaminated Land Assessment with investigation of 
the decision making process of experts.
2. RP2: Volume Estimation Techniques -  development and application of volume 
estimation techniques for contaminated soil.
3. RP3: Grid Assessment Method for Contaminated Land- the development and 
application of a decision support tool for volume estimation of contaminated soil, 
designed to support novice assessors.
4. RP4: Developers Guides -  application of checklist support documents by 
experienced and novice users.
The level of expertise of the decision maker at the centre of each project varies, as do the 
technical issues of the assessments being carried out. The stage of development also 
varies with planning decisions, risk assessments, calculation of the extent and severity of 
the contamination source and volume estimation methods all included.
The case studies used throughout the research are based on housing developments. The 
main contributions to knowledge are not inherently linked to this context as they relate to 
the general application of judgement to risk-based decision making for the assessment of 
land contamination. Similarly despite the UK bias in the research, the problem of skills 
and learning expert judgement is applicable globally in contaminated land and in many 
environmental science and engineering contexts.
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Key Findings and Contributions to Knowledge
The key findings and contributions to knowledge for each project are summarised below. 
RP1: Expert Study
Experts in contaminated land will make decisions about the level of risk from 
contamination and subsequently develop strategies to deal with it. An expert assessor is 
able to make experience-based decisions about the information presented to them, and 
deal with the associated uncertainties. The objective of this study was to understand how 
the expert assessor uses the available information to form a judgement about the level of 
risk from contamination on a development site, e.g. whether some information dominates 
the process or whether all information is treated equally. Also to identify how and where 
the expert decision process aligns with the decision process described in industry 
guidance. By understanding the expert’s decision process, support for the less 
experienced novice assessor may be improved.
The study required 30 experienced contaminated land professionals to assess a series of 
housing development sites with pre-designed information (cues). The average relevant 
experience of the participants was 15 years. The site data for 27 case sites was supplied 
in a format similar to an executive summary of a contaminated land assessment report. A 
total of 10 cues were used, each was set to indicate varying levels of the potential for risk 
at the site. Both qualitative and quantitative data was collected from the participants to 
analyse the decision methods used in their assessments of risk.
Linear regression analysis was used to identify the significance of each of the available 
cues in determining the level of risk attributed to the site by the participants. The relative 
significance of the cues formed the basis for applying different theories of decision making 
to establish the best fitting model; Lens Model, Matching Heuristic and a coherence model 
were used. The participant responses were also compared to guidance for assessment of 
land contamination for housing developments (NHBC, 2008). The quantitative 
comparison of the fit of each model suggests that a weighted sum of cues in the Lens 
model best describes the decision process, notably more so than the other decision 
models and the guidance. However, the qualitative information collected suggests that a 
more coherent account of the information was used in the risk assessment process. The 
study clearly showed that some cues were more significant in their influence on the level 
of risk assessed. This was consistent between the linear regression analysis and the 
qualitative comments made by participants. This would suggest a discourse between the 
expert decision making process and the guidance, which requires equal assessment of all 
sources, pathways and receptors. However, the qualitative data, that suggests a more 
holistic approach was used, which would more closely match the guidance. It was 
concluded that expert decision making in this context was carried out using an 
understanding of the data (as in the story model and guidance) but that not all information 
was considered to be of the same importance.
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The contributions to knowledge of this study were
A comparison of three naturalistic decision theories applied to contaminated 
land context; heuristics, Lens Model and Story Model suggest a weighted sum 
of data as in the Lens model is used in assessing risk from contamination.
An explanation of the expert decision making process is offered that differs from 
the process suggested in guidance as a weighting of information was shown to 
be used. It is suggested that the data relating to the contaminant source is 
more important than any other data. The qualitative data suggests that experts 
use this to assess the magnitude of the problem and then require a believable 
story to explain the scenario. The latter is more in line with the ‘conceptual site 
model’ approach suggested in guidance. The results of the decision process 
that focuses on a few key cues may then be refined to a series of ‘source- 
pathway-receptor’ links for reporting purposes.
The numerical application of all of the models and direct comparison of three 
alternatives in this way is a novel approach to naturalistic decision making 
research. Similarly the rich data supplied to the participants is a progression for 
judgement analysis that has previously provided simple lists of cues to 
participants.
The casebook itself can be used as a training tool for novice assessors to 
complete and then compare to the expert responses.
RP2: Volume Estimation Techniques
This project was a preliminary study conducted at the start of the EngD. The findings from 
the early stages of this study lead to the development of the GR:ASS Method as a 
separate element to the research (RP3). The need to treat contaminated soil is a cost to 
the developer that must be faced early in a development project as part of site enabling 
works. In any development project that involves remediation there will also be a need to 
estimate the volume of contaminated material to be treated and to limit the remediation to 
only areas that truly require it. This is driven by a need to conserve resources and limit 
costs and time for the development
The objective of this research project was to develop and assess simplified volume 
estimation methods. Improvements in estimations at the design stage, and effective 
communication of the uncertainties, may reduce wasted resources on site at the 
construction stage. The methods used were:
1. area of influence, that included no spatial dependency,
2. interpolation by Kriging which had a strong spatial dependency, and
3. a proportional method based on the site investigation logs of material.
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The above methods were then compared to consultant and contractor approaches for a 
housing case study. All of the methods used gave a crude estimation of contaminated 
volumes of material with varying degrees of validity of the underlying assumptions. In a 
commercial context time and cost pressures mean that problems are simplified by 
necessity. For the contaminants present on the former gas works site used as a case 
study, the area of influence method provided a simple but justifiable basis for volume 
estimation and was closest to the estimates of the consultant and contractor. The level of 
detail of the areas shown in the graphical output appropriately represented the data used, 
and did not present a false impression of accuracy of the estimated volume. The method 
also offered flexibility in the application of qualitative and quantitative data from site 
investigations. Another key finding was that the estimation methods used by the 
consultant and contractor included an element of judgement rather than just analysing the 
data available, statistically or otherwise. The volume estimation methods used in the 
study overestimated the volume of material that required remediation when compared with 
the estimates from the consultant and contractor, which were closest to the actual 
remediated volumes. Although in this study the judgement of the parties involved has 
proved to be fairly accurate, this may not always be the case, and also the basis for their 
assessment was not explicit. The use of a more explicit method for volume calculation 
would allow better communication of the unknowns and add clarity to the calculation of 
soil volumes.
The study demonstrates the use of simplified methods of volume estimation for soil 
remediation. An alternative to statistical interpolation for volume estimation of 
contaminated land has been presented. The methods, specifically the area of influence, 
provide a simple basis for volume estimation that fitted the case site well. The graphical 
output offered a clear representation of how the data has been used and the level of detail 
of the areas shown also appropriately represents the amount of data available, i.e. does 
not present a false impression of accuracy. The method also offers flexibility in the 
application of qualitative and quantitative data from site investigations. Finally, the 
method may also help communication of assessments between industry practitioners.
The study has also highlighted the importance of judgement in the assessment of the 
extent of contamination that was used by both consultant and contractor in conjunction 
with numerical techniques.
RP3: Grid Assessment (GR:ASS) Method
The assessment of land contamination involves the assimilation of different information 
types, each associated with their own degrees of certainty. The ability to use this 
information to assess the extent and severity of contamination on a site can be a complex 
process. This is particularly true for sites where the contamination of concern is immobile 
and potentially randomly distributed across the site. The aim of this project is to provide a 
decision support tool for novice a decision maker that incorporates both qualitative and 
quantitative data to assess the extent of contamination on a site. The method was a 
development from the findings in RP2. The process of combining data was also to include 
a method based on the results of the expert survey, reflecting the relative importance 
experts attributed to different data types as found in RP1. It is hoped that this tool can be 
used to train novices on how to combine data, and also offer a simple graphical
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representation of the available information to support communication between expert and 
novice assessors.
The Grid Assessment (GR:ASS) Method has been developed in prototype form using 
Microsoft Excel. The tool brings together qualitative and quantitative data to assess the 
likely extent and severity of contamination on a site. The varying quality and reliability of 
the data is reflected in the assessment process and allows for the uncertainty associated 
with information to be incorporated and reported. It is the addition of certainty analysis, 
and the direct use of qualitative data specifically for immobile contamination that are the 
key differences between this and other contaminated land assessment tools7.
The Grid Assessment (GR:ASS) Method for contaminated land contributes to knowledge 
in the following ways:
The method uses both quantitative and qualitative data to apply contamination 
levels across the site, combining the information in a transparent way to assess 
the potential for contaminated soil across the site.
The weightings used for housing development have been based on the expert 
study conducted in RP1 and reflect the decision process used by industry 
experts. This offers a novel approach for the weighted combination of data for 
housing development sites.
The method uses a logic-based approach to combining all available information 
to estimate the extent of contamination.
The certainty of the outputs can be assessed using the data density plots and 
the combination plots. Transparent and defendable contingency planning for 
remediation costing can be developed using this information.
The method also has a use for sites where chemical test data is sparse, 
common at early stages in the design process. In these cases the inclusion of 
additional qualitative data can help to fill the gaps in quantitative data.
The method offers a prescriptive and methodical approach to assessing site 
data that can support the needs of novice assessors. The inclusion of explicit 
judgements about contamination also permits the checking and discussion of 
assumptions made by the assessor.
RP4: Developers Guides
The sponsoring company, Tony Gee and Partners (TGP) have produced two prototype 
protocol documents for a housing developer to aid in the decision making during 
development of housing sites. The documents were in a checklist format to offer a 
systematic decision support tool. These prototype documents provide a series of 
checklists of considerations to help manage large amounts of site information and 
understand the potential risks and opportunities of a housing development site. In
7 A review of risk assessment tools in included in TD6
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addition to the main checklists a summary of key issues was also included to act as a 
quick reference for project managers. The research aim for this study was to use the 
documents as a basis for comparison of expert and novice approaches to a complex 
decision task.
In the process of validating the documents the content of the checklists were successfully 
applied, retrospectively, to a housing development project. Whilst the content of the 
checklists cannot be considered sufficiently exhaustive for commercial use, the content of 
the documents proved to be sufficient to identify potential hazards on the test site. The 
findings of the assessment using limited input data lead to the recommendation for further 
investigation of possible site hazards. In this project the support documents developed 
allow the user to combine data types and have opportunity to make comment on the 
certainty of the information. This addresses a similar issue as RP3, where a range of data 
types must be included in the assessment of contamination.
The review of the document by both expert and novice has reflected the work of previous 
projects (RP1) and also supports the suggestions made in literature on expertise. The 
main difference noted in this study was the amount of information used by the individual to 
come to a decision. The research here has shown that the novice user preferred the 
detailed information and procedural guidance to lead them through the assessment 
process. In contrast the experienced developer criticised the detail and felt it 
inappropriate for their own use.
The following points summarise the contributions to knowledge of this study.
The research offers support of the understanding of differences between expert 
and novice decision makers. The two reviews contrasted in many ways and the 
criticisms given by the expert, in terms of the detail of the assessment, is 
exactly what was praised by the novice as useful. This feedback supports the 
suggestions made in the literature about the fundamental differences in the way 
experts and novices approach decision-making.
The documents have proven to be a successful comprehensive support tool for 
the novice user approaching housing developments. The documents are 
inclusive enough to prompt consideration of key issues as demonstrated 
through application to a complex case site.
The application of the prototype documents suggests that they may be 
developed into commercial documents offering a comprehensive approach to 
assessing hazards and opportunities for housing development sites that could 
be implemented as part of a quality system. For this contribution to be fully 
realised additional validation is required as described below.
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Conclusions
There are a number of common themes that run through the four research projects 
presented. The first project of this portfolio provided a demonstration of the expert 
decision making approach for contaminated land assessment. The remaining three 
projects included the development of decision support tools applied to technical situations 
that highlight the importance of appropriate support for decision makers with differing 
levels of experience. All of the projects are concerned with the development of Brownfield 
land, which is driven by government targets, and sustainable development ideals. The 
case examples of housing developments have offered a convenient and relevant basis for 
the research. The process of assessing whether a site has an unacceptable level of risk 
from land contamination, the severity of that contamination, to what extent it has spread 
and the estimation of volumes of soil be treated are all covered in this work. The common 
issues relate to complex and uncertain decision contexts, in which judgement and 
professional expertise are essential; from risk assessment to volume estimation, 
judgement plays a part. It has been noted that the Brownfield development sector in the 
UK is suffering from a skills shortage. For an industry where experience and judgement 
are key, this is a real issue. The findings of this research are supported by theories on 
expertise and have shown that experts and novices approach complex decision tasks in 
different ways, and as such need different types and levels of support to complete their 
work. Where a novice may require more structured guidance and procedures to assess 
available data, an expert would prefer to select the most important information for 
themselves using the shortcuts in assessment they have developed through experience. 
The research has shown that although some data may be more influential than others this 
does not negate the need to understand the situation as a whole. This EngD presented 
the difficulties of understanding and applying experience and judgement to a complex 
environmental context. This highlights the challenge for a novice in the industry to 
develop the non-technical skills associated with expertise. It is hoped that the decision 
tools developed in this project not only support the technical decision making process, but 
also help the novice user to become aware of the non-technical skills they need to 
develop their own level of expertise.
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RP1.1 Introduction
The term ‘contaminated land’ is defined in legislation (i.e. Part IIA of the Environmental 
Protection Act (1990)) and includes land that poses, or has the potential to pose, 
unacceptable risk to human health or the wider environment. For the purpose of this 
research the term Brownfield is defined as land that has been previously developed to 
include a permanent structure, and maybe vacant or occupied (ODPM, 2004). Brownfield 
land may be affected by contamination but the two are not inextricably linked. Technical 
Digest 1 (TD1) discusses the legal definition of contaminated land in more detail.
To assess the level of risk posed by land affected by contamination and whether that risk 
is unacceptable, assessors are required to use their judgement. The aim of this project is 
to investigate how experienced assessors do just that. In uncertain and complex decision 
contexts judgement is often required. The Funtowitz and Ravetz (n.d.) model for scientific 
research described different states of research as a function of the implications of the 
findings and the certainty of the data available. This model would place the assessment 
of risk from land contamination within the ‘professional consultancy’ category. In this 
category decisions can be made and actions taken on the basis of uncertain data, but to 
do so experience and judgement are required. Issues surrounding uncertainty in decision 
making are discussed in more detail in Technical Digest 3 (TD3). To be able to use 
judgement in complex decision contexts, experienced skilled assessors are required. 
However, the Brownfield development industry has reportedly been suffering from a skills 
shortage (ASC & EP, 2008). To continue to meet demand for effective risk assessments 
of land contamination there is a need for good guidance and training to support the less 
experienced practitioners entering the industry. Technical Digest 2 (TD2) describes the 
key industry guidance that supports the assessment of risk from land contamination.
To develop guidance and decision support tools it is important to understand the technical 
context in which decisions are made, as well as the decision making process employed. 
TD3 includes a review of decision making theories and introduces the topic of decision 
support systems (DSS).
The following section (Section RP1.2) describes in more detail the background drivers for 
this research. These include the decision context, the industry skills shortage and 
decision making theories that could apply the assessment of risk from land contamination. 
This research project is concerned with investigating the decision making process used by 
experienced practitioners in the assessment of land contamination. The aim of which is to 
inform training and guidance for the sector. The study aims and objectives are detailed in 
Section RP1.3 and the method used for the study is summarised in Section RP1.4. 
Section RP1.5 describes the results from the study that relate to the research questions 
raised in Section RP1.3. Finally, Section RP1.6 includes a discussion of the results and 
the implications for industry. The contribution to knowledge from this work, and suggested 
further research is included in Section RP1.7.
The study has been written up for two journal publications. The first published paper 
focuses on the contaminated land industry and reports the findings with respect to the 
decision context. The second paper is focussed more on the psychology aspect and
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reports on the findings that reflect a more general study of expert decision makers in a 
complex decision context. This paper is currently in draft form an under second review 
with the journal. The papers are included in Supporting Document RP1.1 (Cropp et al., 
2010) and Supporting Document RP1.2 (Cropp ef al., n.d.) respectively. The following 
method and results sections are based on the write up in these papers. In addition this 
portfolio write up also expands on a few areas not detailed in the papers.
RP1.1.1 Portfolio Context
The present research project has a number of implications for other sections in this 
portfolio; similarly research in other areas has influenced this study.
Research Project 2: Volume Estimation Techniques (RP2) and RP3, Grid Assessment 
Method, are reflective of the needs of the expert to deal with uncertainty in decision 
making and limited information to make a decision. In RP2 the volume estimation 
techniques have been developed to offer a transparent method for assessing sparse and 
uncertain data. It was recognised that even in a problem as seemingly straightforward as 
volume estimation, expert judgement still plays a role. In both RP2 and RP3 the 
emphasis on transparency to help to lead an expert to explain their decisions and the 
reasoning behind assessments made. Transparent decision making also supplies the 
novice with a structure to follow that can highlight the points where judgement is required.
Research Report 3: Grid Assessment (GR:ASS) Method (RP3) describes the 
development of a Microsoft Excel tool to guide less experienced practitioners through the 
assessment of extent and severity of contamination on a site. It has been specifically 
designed to provide a transparent approach to combining information and highlights the 
uncertainties, and any links and contradictions in the data types. These elements reflect 
the expert approach to risk assessment discussed by Klein (1999), and the findings of the 
present study.
Research Project 4: Developers Guides (RP4) relates to a support and training tool for the 
inexperienced housing developer. The research in this document is more focussed on the 
procedural development of the novice, and allowing a structured process to deal with 
large amounts of information about a site. One issue faced with novices, as opposed to 
experts, is the potential to be overloaded with information as the novice is unable to 
organise the data into a familiar pattern, and filter the key elements. The feedback from 
the expert and novice users in RP4 demonstrates the concept that decision approaches 
change with experience and the additional skills that experience brings.
For other research projects in this portfolio to successfully help a novice become an 
expert, the target must first be clarified. The present study is aimed at just that, to better 
understand the expert’s decision making process.
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RP1.2 Background to the Study
The background to this study is split into three main sections, the decision context, the 
decision makers involved (including the industry skills shortage) and decision theories. 
Each are described in turn below.
RP1.2.1 Decision Context
The assessment of land contamination is a key part of Brownfield development in the UK. 
Legislation1 requires an assessment of the risk from contamination on development sites 
through the planning regime (ODPM, 2004). Part IIA of the Environmental Protection Act 
(1990), referred to as (Part IIA) requires assessment of sites identified as potentially 
contaminated under their current use. Whilst the requirements of Part IIA and the 
planning regime are different there are links between them. The minimum requirement of 
the planning regime is that, once developed, it should not be possible to classify the 
development as contaminated land under Part IIA. The legislative regimes are described 
in more detail in TD1.
The assessment of risk from land contamination requires practitioners to decide on the 
level of risk posed from contamination on a site using limited data. The process involves 
the identification and assessment of “pollutant linkages” made up of a source of 
contamination, a receptor that may be affected by it and a pathway linking them. Best 
practice guidance for the process by which land affected by contamination should be 
assessed has been published by both CIRIA in “Contaminated Land Risk Assessment” 
(CIRIA, 2001) and Defra/EA CLR11 “Model procedures for the management of 
contaminated land” (Defra, 2004) amongst others. The process referred to in these 
documents is described in more detail in TD2. The information available to the assessor 
is often in the form of reports which describe the data known about the site; site history, 
geology, hydro-geology, and site investigation data including chemical test results. There 
are inevitable gaps and uncertainties in the data by virtue of the commercial context in 
which this data is collected and the associated time and cost restraints. Therefore 
assessors must make decisions about risk that are informed by their own expertise. The 
assessment of the level of risk from contamination on the site will then inform the 
recommendations made for managing that risk. The management process, particularly for 
development sites, may be influenced by non technical factors including the preferences 
of the site owner / developer, regulators and the budget available. This study focuses on 
the risk assessment stage, rather than risk management.
The main features of the decision context are:
Legal Context: Part IIA defines contaminated land “based upon the principles of 
risk assessment”. A similar approach is applied to development sites. The risk 
assessment process requires the assessor to make a decision on the severity 
and possibility of the harm that could be caused from contamination in the
1 Legislation relating to contaminated land is present across the UK however, regional variations do exist. For 
the purpose of this portfolio legislation described is based on England specific legislation unless otherwise 
stated.
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ground, with no further explicit guidance, in the legislation, as to how this should 
be carried out. TD1 expands on the difficulties faced by regulators and 
assessors where legislation and guidance may not be specific.
Time Frame: An assessment of land affected by contamination may be 
executed in a number of phases. The detailed risk assessment will involve 
some site investigations as well as desk-based information. This is likely to 
take several days or weeks to complete depending on the scale of the site and 
the detail required of the report.
Available Information / Basis for Decision: Qualitative and quantitative data will 
be used. Uncertainty in the information source may be high, depending on the 
detail and coverage of the available information.
Output of Assessment: The output of a risk assessment of land affected by 
contamination will be a report outlining the risks and with recommendations for 
remediation strategy if required (risk management).
Decision Stakes: For development projects the implications of dealing with land 
contamination are mostly time and cost based for the developer and will vary 
depending on the level of clean up required. It is the developers’ responsibility 
for "ensuring that the development is safe and suitable for use for the purpose 
for which it is intended” (ODPM, 2004). The impacts of dealing with land 
contamination will come through the risk management process. There will be 
financial pressures to limit the cost of remediation, but also other pressures 
such as time and available land may influence the management approach. 
Although this study has focussed on risk assessment phase, rather than the risk 
management, similar pressures such as financial budgets may also limit the 
information available and also the time to complete site investigations and risk 
assessments.
RP1.2.2 Decision Makers
The main decision makers in the risk assessment process for a development project are 
described below:
Client (developer / site owner): this is the individual / organisation that will 
carry out the assessment, either voluntarily or in response to a legal driver, and 
will control the budget available for it. This party has a need to meet legal 
requirements laid out by the planning authorities to ensure the land is suitable 
for the proposed land use. The developers’ key motivation is to make a profit 
on the development in hand.
Consultant / Assessor: This is the individual / organisation that are employed 
to carry out the risk assessment. The output will be a report describing the 
issues and recommendations for action. The assessor can make 
recommendations regarding the investigations carried out and the information 
made available for the assessment but is unlikely to control the budget for this 
work. The level of experience of the assessor may vary, but it is likely that an
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experienced individual will be responsible for the assessment, possibly with the 
help of a less experienced assessor in their organisation who could carry out 
much of the work under supervision. The management structure will vary 
between consultancies. However, the industry as a whole is reportedly 
suffering from a skills shortage (ASC & EP, 2008), discussed in more detail 
below, that may affect the availability of assessors to carry out the work. The 
consultant is required to fulfil the clients brief and provide a professional opinion 
on the level of risk from contamination. The results of their assessment will 
form the basis of the clients’ submission to the local authority to prove 
compliance with planning conditions.
Regulator: The results of the risk assessment and recommendations for risk 
management will need to be approved by the planning authority. Conditions of 
planning permission may have been issued in early stages of the developers 
applications, and will need to be met. A standard requirement is for an initial 
risk assessment of land affected by contamination, which may lead on to more 
detailed requirements depending on the site (CLG, 2008). The regulator is 
responsible for protecting the environment and ensuring that the developer 
meets the legal requirements of the planning system.
RP1.2.3 Expertise
The focus of this study is the consultant who will carry out the risk assessment for the site 
(i.e. assess the level of risk and make recommendations for risk management) and the 
regulators who must review and approve these assessments, and may also carry out their 
own assessments. The individuals involved in such decisions will be either experts with 
many years experience, novices new to the industry or somewhere between the two. The 
approach of assessors with different leveis of experience will vary. TD3 includes a 
discussion of expertise, some key points are noted below.
Klein discusses the difference between experts and novices (Klein, 1999). There are a 
number of skills that an expert has over a novice that are acquired from experience. Klein 
(1999) describes these skills as abilities to see things that are ‘invisible* to non experts. 
The main features put forward by Klein are included below:
The ability to recognise patterns, or typicality. Without experience it is not 
possible to identify what is a typical feature and what is an anomaly. In a similar 
vein experts can identify when a typical feature is missing, which can be crucial 
to understanding the situation and provoking more detailed analysis of the 
information available. A novice may simply not know what to expect.
Situational awareness, seeing the ‘big picture’. Where a novice may be 
overloaded with information as they assess each element separately, an expert 
will have the ability to view the problem as a whole, rather than constituent 
parts.
Understanding of the way things work. An expert will have mental models of 
the processes that control the features they see. In a contaminated land 
context it may be an understanding of how contaminants will have been
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deposited on a site and the mechanisms that will control their movement. When 
required to explain this way of thinking an expert may be hesitant to break the 
details down into parts, as the relationships may be complex and dependant on 
a number of features. An expert may also have a number of tricks of the trade, 
or shortcuts to assessing information, as well as the rules for using them. A 
novice learning these for the first time is unlikely to have an understanding of 
their limitations. An expert will also understand the equipment they use to a 
sufficient level that they are aware when the results are misleading; this is true 
of some of the decision support tools and software used in the contaminated 
land industry.
Opportunities and improvisations. Key features of a situation may present an 
opportunity only recognisable by experts due to their experience. For example 
in a risk management context, knowledge of the local authority in the area of the 
site and the regulators preferences may make it possible to quickly assess the 
remediation options that will be acceptable at this location.
Fine discrimination. Experts see subtle differences that novices cannot. These 
are the differences in cases that one can only be aware of after having 
experienced a variety of situations. The example Klein uses to demonstrate this 
is the ability of wine tasters to distinguish between grapes and even years of 
production, whereas to a novice wine is just generic. The differences cannot be 
taught as they are neither factual nor an insight of understanding, they are 
rather relative changes.
Managing own limitations. Experts have an ability to see inward and recognise 
their own strengths and weakness and manage them. The ability to analyse 
one’s own thought processes is called metacognition, and requires awareness 
of memory limitations, seeing the big picture, self-critiques, and strategy 
selection; qualities possessed by experts.
With regard to the use of expertise, Klein (1999) proposes that experts approach 
problems differently to novices. Orasanu and Connolly (1995) suggest that these 
differences are only advantageous in decision contexts where there are large 
uncertainties and judgement is required. Assessment of risk from land contamination can 
be classed as a context that requires judgement, and as such expertise can be 
considered as beneficial.
The value of experience has been highlighted by Klein (1999), Shanteau (1992) and 
Erricson et al. (2007) as being essential to develop the skills associated with experts. The 
development of expertise requires experience, and ten years is suggested as an 
appropriate amount of time to develop it; however time served in a profession is not 
sufficient without deliberate training and skill development (Ericsson et al., 2007).
The development of expertise is discussed in more detail in TD3, however the value of 
experience is repeated as a key issue. The need for training and development of 
assessors to fill the gap in the industry is discussed below.
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RP1.2.4 Skills Shortage
The need for experience and judgement in the risk assessment process requires skilled 
practitioners. To become skilled, experience is essential as noted above. The industry 
is reportedly suffering from a skills shortage as insufficient experienced practitioners are 
available to meet the demands for Brownfield development driven by government targets 
and commercial forces. The UK skills shortage occupation list (Home Office Border and 
Immigration Agency, 2007) lists a number of engineering disciplines that are suffering 
from skills shortages including geo-environmental and contaminated land. A recent study 
by the Academy for Sustainable Communities (ASC and English Partnerships (EP) 
identified a potential shortfall of 75% (equivalent to 680,000 people across the Brownfield 
development sector) (ASC & EP, 2008)2 of the required workforce to meet government 
targets for development. Practitioners’ responses to the strategy have identified thirty six 
occupations that are required for Brownfield development. The response also identifies 
that there is “a severe shortage of practitioners with adequate skills in predictive risk 
assessment” {ASC & EP, 2008). Defra has commissioned a more recent investigation 
into this apparent skills gap to “identify the skills necessary for contaminated land decision 
making and to provide an assessment of the extent of their current availability at different 
levels and to make suggestions for addressing any gaps in capacity and/ or capability.” 
(Defra, 2010). Regardless of the extent of this issue there is still a need to develop 
expertise to sustain the industry.
The need to understand how the risk assessment skills are learned is clear, especially in 
an industry lacking in experienced practitioners. The overriding theme is that to train 
highly skilled practitioners, the novice needs to develop the way in which they approach 
problems and learn expert skills alongside a development of procedural and technical 
knowledge.
RP1.2.5 Decision Making Theories
TD3 contains a discussion of decision making theories. A summary of the key points are 
included below.
The normative theories of decision making are based on the assumption that an optimal 
decision can be reached by assessing all of the information available, and attaining the 
predefined goals of the decision maker. Subjective Expected Utility (SEU) describes the 
normative view assuming four things: the decision maker has a well-defined utility function 
that they can apply; the decision maker has a well defined set of alternatives from which 
to choose; the decision maker is capable of assigning probabilities to the outcomes and 
future events; and the decision maker will / should choose the option that maximises gains 
based on their utility function (Simon, 1986).
The normative theories of decision making may be discounted as applicable to 
assessment of risk from land affected by contamination. The utility function may not exist 
for such assessments as there is no gain as such from assessing the risk. The aim of the
2 This research forms part of a pledge of action in response to the ASC Brownfield Skills Strategy (ASC & EP, 
2008). The pledge can be found in Supporting Document RP1.6.
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assessment is more to minimise harm to a number of receptors. The breadth of 
assessment required means that there is not a well-defined utility function to be applied. 
Similarly the assessment process is not an option-based decision. The normative decision 
theories would suggest that all information is assessed and probabilities can be assigned 
to likely out comes, with large amounts of uncertain information this will not be possible. 
In addition the decision maker is human and as such has limited cognitive capacity 
available for calculating complex probabilities. Finally, the context in which risk 
assessment of land contamination is carried out would not provide well-defined 
information required by normative theories. So more descriptive theories of decision 
making may be considered that allow for the natural and uncertain environments in which 
decisions on risk from land contamination are made.
A number of decision theories and models have been discussed in TD3 that address 
natural decision environments where the decision maker must deal with complex and 
uncertain information. The key models that could be applied to risk assessment of land 
affected by contamination are summarised in Table RP1.1 below.
Decision Model Main Features Reference
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Lens Model Weighted combination of available cues Brunswick, 1952
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DM
)
Story Model
(Narrative model)
All information used to construct 
believable story of cause and effect 
(past events)
Pennington and 
Hastie, 1993
Fast and Frugal Heuristics
Limited cues with only most 
significant used -  satisficing 
approach
Gigerenzer and 
Goldstein, 1996
Table RP1.1 Summary of key decision theories
A key theory considered in decision making is the Lens model first put forward by 
Brunswick (1952). The theory is that a decision maker will take “cues”, or lines of 
evidence, from the decision situation and use them to make an assessment of the 
problem at hand. In a contaminated land context this can be related to the construction of 
the conceptual site model which is the basis for any site assessment.
One aspect to note is that the decision making process used may not be clear cut. The 
idea of a cognitive continuum along which the decision maker will move depending on the 
situation at hand and the stage of the decision making process is proposed. The 
continuum ranges from purely analytical decision making (relating to the assessment of 
contamination test data) to purely judgement-based decision making (relating to the
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forming of an initial conceptual model based on site history for example). The application 
of this continuum to contaminated land context and may be used to better describe the 
process that assessors go through. Pepper (1942) (as noted by Klein et. al., 1995) was 
first to suggest that the decision making process oscillates between analytical and intuitive 
decisions, becoming more analytical with more accuracy required but also uses intuitive 
reassurance of the answer.
The theory of explanation-based decision making is similar to the Story Model and is used 
to describe the process of decision making where large amounts of information with 
inherent implications and conditional dependencies exist (Pennington and Hastie, 1988; 
1992). The theory is based on the concept of causal relationships that can be inferred, 
relating the information available, and used to explain the present situation (or in the case 
of other narrative models, predict future events).
An alternative to this is a more linear ‘satisficing’ approach considered by Gigerenzer and 
Goldstein in fast and frugal heuristics (Gigerenzer and Goldstein, 1996). Fast and frugal 
heuristics suggest that in some cases, cognition is a more linear process where one cue is 
assessed first and a decision is made if possible. If no decision can be made then 
additional information is sought from the next most important cue and so on and so forth. 
This non compensatory use of cues, opposes the idea that all cues are considered at 
once and combined as suggested by the lens model.
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RP1.3 Study Aims and Objectives
The aim of this study is to identify how the experienced practitioners in the contaminated 
land industry make decisions on the risk from contamination, with a view to using this 
information to influence future guidance and training. The underlying assumption is that 
the process that the current industry experts use is a valid approach. It is not the intention 
of the research to improve this process, rather to describe it and then compare it with the 
recommended approach laid out in guidance.
To ensure that the research aim had been correctly identified and that the scope of the 
study was appropriate, an expert interview was carried out to discuss the proposals. The 
main outcome was that the study was considered to be worthwhile however concerns 
were raised regarding finding sufficient participants to offer their time. It was also noted 
that the risk assessment process as a whole is complex and, in practice, risk management 
is treated separately to the assessment of risk. This separation of stages is also reflected 
in the guidance for assessment of land contamination, CLR 11 (Defra, 2004). Whilst the 
process of risk assessment and risk management may be considered as separate stages 
they are clearly interlinked (Hester and Harrison, 1998, Vegter, 2001, and Defra, 2000 and 
2004). Risk management was noted in the initial expert interview to be influenced by a 
number of non scientific factors (e.g. the personal preferences of the individuals involved) 
which can play a key role in establishing a remediation action plan. The purpose of this 
study is to assess how experts in industry make decisions concerning risk from land 
contamination. As the industry specific guidance separates the risk assessment and 
management stages, and the expert interview corroborated this, the study has also 
separated the two stages and is focussed on the first; risk assessment.
Several theoretical alternatives have been proposed to explain expert decision making 
and this study aimed to compare a selection of them to establish the best account. It is 
proposed that three specific models of naturalistic decision making are plausible 
explanations of expert decision making in this context: matching heuristics, the Lens 
Model and the Story Model. The three models have been applied to the responses from 
the study and compared with one another and industry guidance.
The following research questions are addressed in this study. Where appropriate the 
paper in which each research question is addressed has been identified.
1. How well do contaminated land experts agree with one another when presented 
with limited information about a site? (Cropp etal., 2010)
2. What is the decision process followed by experts in the assessment of risk from 
land contamination? Is the decision process demonstrated by experts 
adequately explained by Naturalistic Decision Theories? (Draft paper Cropp et 
al., n.d.)
3. What pieces of information about a site, if any, dominate the risk assessment 
process? (Cropp et al., 2010)
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4. Is the risk assessment process undertaken by industry experts consistent with 
current guidance? (Draft paper Cropp et al., n.d.)
The general context for the cases used in this study was housing. The reasons for 
focusing on this land use are three fold:
1. Housing development on Brownfield land has been identified as a government 
target with 200,000 new homes to be built per year by 2016, 60% of which are 
to be on previously developed land (HM Treasury, 2007; ODPM, 2003).
2. The single end use simplifies the study by removing the complexities associated 
with other end uses.
3. The reference cases from the supporting organisation (Enviros Consulting Ltd) 
were limited to housing developments. This was related to the type of work 
carried out by the organisation and requirements for permission to use the site 
data in this research.
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RP1.4 Method
The method described below has been based on the description reported in the two 
papers for this work (Cropp et at., 2010 and draft paper Cropp et ai, n.d.).
The aim of this study was to explore how experienced professionals make decisions on 
risk from land contamination. The method used is based on a similar study of local 
magistrates making decisions on whether to issue bail to defendants (with or without 
conditions) or retain them in custody (Dhami MK and Ayton P, 2001). The Dhami and 
Ayton (2001) study involved a series of hypothetical cases with predetermined features 
that were presented to each of the magistrates. They were then asked to make a decision 
on whether to bail or jail the defendant in each case. The results were assessed for 
agreement between magistrates with regard to the decision making policies employed by 
each participant. A detailed comparison of the decision context for magistrates and 
contaminated land professionals is included in the Supporting Document RP1.8. In both 
cases the legislative framework requires the assessor to make a decision on risk on the 
basis of the information available, which may be limited. There is also a need for a 
defensible decision in both contexts due to the possibility of the recipient of the decision 
(the defendant or responsible person in the case of remediation) appealing against it. The 
main difference between the scenarios is the amount of time permitted for a decision. In 
many cases the magistrates’ decision is required in a matter of minutes, where as the 
contaminated land professional may have several days, or even weeks to produce a 
report with a decision on risk. Despite this difference the decision context is sufficiently 
similar for the Dhami and Ayton (2001) approach to be adopted as a basis for this study.
The present study required contaminated land professionals to review a series of 27 
hypothetical housing development sites and rate each one in terms of the potential risk 
from contamination. In addition to the risk rating, the participants were also asked to rate 
how confident they were about the decision. Qualitative data was collected informally 
through notes made by participants on the cases, and more formally through some case 
specific and some general open questions. The responses collected were compared to 
three theories of decision making as well as the industry guidance.
Each case site was designed to have specific features, or cues (referred to as cues), that 
acted as indicators of possible risk from contamination. Each case contained ten cues 
that were presented in a format reflective of industry produced risk assessment reports. 
The selection of cues and design of cases is described in more detail below.
Each casebook was made up of the following items (an example casebook is included in 
the Supporting Document RP1.6):
- cover letter and participant consent form (separate sheets),
instructions,
27 case sites that included case data and case specific questions. Cases were 
presented in a random order, different for each casebook,
overview questions,
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participant questionnaire for profiling participant background and experience,
Appendix including A3 copies of soil chemical test data tables and copy of the 
Brownfield Skills Strategy Pledge of Action.
The method used for the study was based on a standard approach for judgement analysis 
used in other contexts, described by Cooksey (1996). Alternative approaches to 
assessing the decision making process were considered. One method suggested would 
be to record thought processes during a risk assessment carried out by each expert using 
a ‘thinking out loud’ technique. This would not be suitable for two reasons, firstly there is 
limited time in which to carry out the study; transcribing and analysing ‘thinking out loud’ 
assessments is a lengthy process and so would not be possible in the time available. 
Secondly, the level of expert that is targeted for this study is likely to be extremely busy, 
and their time expensive for the company that they work for and so minimising the time it 
takes them to participate is a key driver in selecting a method. Other methods considered 
such as a form of the Multiple Sorting Procedure were not thought to be appropriate within 
the time constraints for the experts used.
RP1.4.1 Cue Design
A list of cues used in assessment of risk from land affected by contamination was 
identified using three approaches; reviewing guidance, reviewing the typical elements 
reported in actual contaminated land assessment reports for housing developments and 
conducting interviews with practicing assessors. Ten key cues were identified:
1. site history,
2. surrounding land use (as an indicator of contamination source and possible
receptors),
3. groundwater,
4. ecology,
5. surface water,
6. soil chemical test data,
7. water chemical test data,
8. gas monitoring results,
9. potential for fluid pathway (gas and water), and
10. potential for human exposure pathway.
These key cues include each of the three elements of the source-pathway-receptor 
linkage that underpins the assessment of land contamination (Defra, 2006 and ODPM, 
2004).
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Each cue could be set to be either a high, moderate or low risk indicator. The term risk 
indicator is used as each cue is considered to be a component of the risk from 
contamination; either a source of contamination, vulnerability of receptor or presence of a 
pathway. For the purpose of this study the terms high, moderate and low are defined as 
follows when referring to risk indicators:
High -  an item that is almost certainly an indicator of risk; a source that is well 
above industry guidelines, a pathway that is clearly present or a receptor that is 
clearly present.
Moderate -  an item that maybe an indicator of risk; a source that is close to 
industry guidelines, a pathway that is possibly viable, or a receptor that is close 
to but not on site.
Low -  an item that is clearly not an indicator of risk; a source that is well below 
industry guidelines, a clear lack of pathway or obvious barrier to contamination 
or a clear lack of sensitive receptors.
It is noted that the presence of a human receptor was constant through the cases, due to 
the fact a housing context was chosen. The basis for cue ratings is supplied in Supporting 
Document RP1.9, and examples given in the following table. Note that these definitions 
were not included in the casebooks used by participants.
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Cue Risk Indicator Level
Rule Applied for Describing Cue 
in Case Text References / Checks
Site
History
High
Polluting land use: Gas works, filled 
pits (dating to the 1930s, i.e. before 
regulatory controls such as Waste 
Management Licensing Regulations 
1994)
Made ground: Average 2.5m thick 
(up to 8m with pits)
DoE Industry Profile 
(DoE, 1995)
Reference site reports 
provided by EnvirosModerate
Brick works, car show room 
Made ground: Average 2.5m thick
Low
Residential only /  green fields 
Made ground: Average 1.5m thick
Surface
water
Sensitivity
High 50m to River GQA Grade B
R&D 66 Annex 2 
(NHBC eta l., 2008)
Surface Waters (River 
Ecosystem) 
(Classification) 
Regulations 1994 and 
EA Water Quality 
Grades (EA, 2008) 
Reference site reports 
provided by Enviros
Moderate 500m from site river
R&D 66 Annex 2
Low No surface water courses within 1 km of the site
(NHBC et.a l., 2008)
High Elevated -  based on DoE for gas works, landfill
DoE profile 
contaminants 
(summarised in R&D 
66 (NHBC eta l., 
2008))
Compared to UK 
SGVs (Defra and EA, 
2002a-g, 2004b-c, 
2005)1 and Dutch 
levels (RIVM.2001) 
where no SGVs
Soil
contamin 
ation (test 
data)1
Moderate
75% of elevated levels use for High 
scenario; leading to some 
contaminants above, some close to 
and some below soil guideline 
values
Low All below residential guideline values
available, to set up 
chemical test data 
only.
Location and elevation 
plotted and checked 
with land use
Potential
High Residential future land use with gardens
SGV land uses (Defra 
and EA 2002a-g, 
2004b-c, 2005)
for human
exposure
pathway
Moderate Proposed low rise flats with landscaping
Low Proposed low rise flats, car parking and limited landscaping
Notes: 1. The contamination data was based on the UK SGVs that were valid at the time of the study.
Table RP1.2 Example of cue ratings (Table 1 in Cropp etal., 2010)
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The combinations of cues and the number of case sites were set through orthogonal 
design to ensure independence of the cues between cases. When performing statistical 
analysis, cues are said to be orthogonal if they are uncorrelated. For example, soil 
chemical test data and human exposure pathways are two cues that differ between cases, 
when analysed across the whole set of 27 cases this pair of cues are not correlated with 
each other; e.g. high soil test data would not always be associated with the presence of a 
human exposure pathway. In the orthogonal design, this is true for all possible pairs of 
cues, thus allowing valid statistical analysis of the relative importance of cues based on 
participant responses. The systematic design of cue combinations in this way was 
chosen to permit clear analysis of dominant cues. To ensure the orthogonal design of cue 
combinations did not lead to implausible cases, the cue combinations were then reviewed 
by an experienced contaminated land assessor. This review was also to ensure that the 
cases were presenting the required information in a realistic way. Three of the cue 
combinations were altered to prevent implausible combinations by omitting or changing 
one cue for each case whilst maintaining independence of the cue combinations. The 
orthogonal design of the cues was essential to permit valid statistical assessment of the 
relative importance of each cue in the decision process used by the participants. The 
inclusion of qualitative questions allowed for participants to record any expected patterns 
in the data that were omitted as a result of the independence of the cues used in the case 
design.
RP1.4.2 Case Data
The presentation of the data was reflective of the typical executive summary for a 
contaminated land assessment report based on a set of reference reports that were 
reviewed. The use of text-based descriptions of the site was selected over a 
diagrammatic or tabular conceptual site model to allow participants the freedom to use the 
information as they wanted without the constraints of the format in which it was supplied. 
The format for each case was a description of the cues for that case, a schematic site 
plan and example schematic borehole log to show the succession of materials under the 
site supplied by the supporting organisation (Enviros Consulting Ltd.). In addition to the 
descriptive site data each case was accompanied by tables of chemical test data. For 
each medium with chemical test data (i.e. soil, water and gas) three tables were 
developed; one high risk indicator, one moderate and one low. The tables presented with 
each case were selected from the nine available tables based on the cue combination 
required for that case. Again, the risk indicator levels were not explicitly given to 
participants.
RP1.4.3 Case Specific Questions
On the basis of the data presented for each case, participants were asked the following 
questions:
1. How would you rate the overall potential risk from contamination of this site: 
High Risk, Moderate Risk or Low Risk?
2. If any, what do you feel are the significant linkages of concern?
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3. How certain do you feel of this assessment (on a scale of 1 to 5 from very 
uncertain to very certain)?
4. If any, what additional comments would you like to make about your 
assessment of this site?
In the initial instructions the participants were encouraged to make notes throughout the 
casebook to capture any additional information about the thought process they had 
followed.
RP1.4.4 General Questions
The final section of the casebook involved some general questions to capture any 
additional comments the participant may have had on the process. The questions asked 
were:
1. Please list any key information you feel was missing from the data supplied for 
the sites.
2. Was there any information supplied that you didn’t require? If so what was it?
3. For sites that are considered high risk, what additional information would you 
require to make recommendations for remediation?
4. Approximately how long did the study take to complete?
RP1.4.5 Pilot Casebook
Prior to distribution of the casebooks to the full list of participants a pilot book was given to 
an experienced contaminated land assessor to complete. The focus of the pilot was to 
ensure that the instructions were clear and that the study was feasible to complete in 
reasonable time frame. The key general points from the trial were:
The participant noted that an explanation of the time it was expected to take for 
the assessment would be useful to make sure that the participants did not feel 
pressured in completing a detailed assessment of the sites.
It was noted that the study must ensure anonymity and give confidence to the 
participant that the cases are fictional and no liability is attached to the 
assessment they are being asked to carry out; i.e. that the study focus is on the 
workings of the expert not the answers.
Two specific examples of feedback on the technical data supplied were:
There is a need to include the depths of investigation as these are important to 
understanding of extent of assessment. For example whether any clay layers 
that protect sub soils could have been compromised during investigations.
- The need to be clear as to what the geological materials are and also check the 
implications of changing geology on groundwater conditions -  e.g. adding clay 
layers may suggest perched groundwater. Also to be aware of floodplain
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gravels associated with rivers -  if the river is moved away from site to comply 
with the cue combinations to make sure that the geology reflects this.
The number of cases was considered to be large and the suggestion was made to reduce 
them. For the reasons discussed above it was not possible to do this without significantly 
changing the scope of the study. The final casebook did however emphasise the need for 
a brief assessment of each site, and the inclusion of repeating tables of data was done to 
help reduce the time needed to complete the study.
The pilot was a useful exercise in highlighting the process that an experienced assessor 
would go through and what was important to them. The example of the consistency in 
information between the hydrology, hydrogeology and ground conditions used highlights 
the interconnectedness of site data that needed to be maintained to give believable 
scenarios.
RP1.4.6 Participant Identification
The process of identifying viable participants involved four main approaches:
1. direct contact with Specialists in Land Condition (SiLC) registered assessors,
2. email via industry forum,
3. advert in trade press,
4. approaching recommended assessors.
The aim of the study was to identify the process by which experts made decisions on the 
risk from contamination. The definition of an expert is debatable, but some key indicators 
are described below.
It is suggested that to become an expert takes 10 years experience in the field of concern 
(Ericsson et at., 2007). However, the quality of that experience is also influential. Then 
there are the requirements for chartership with an institution, which represent a 
professional qualification to signify competence in a specific field. The requirements vary 
depending on the sector. A charted civil engineer, for example, is described by the 
Institution of Civil Engineers (ICE) as someone who;
“...would have achieved the required educational base, a period of responsible work 
experience under supervision and have successfully undergone a Professional Review.” 
(ICE,2009)
The professional review is an interview-based process with a panel of reviewers. No time 
restraint is placed on the applicant, but completion of an acceptable education base and 
experience-based objectives is required. To be called a chartered geologist, for example, 
is described as “a mark of professionalism” (AGS, 2009) and is based on review of 
training and experience at interview. A minimum of 5 years experience is required before 
application can be made for chartered geologist status. Both chartered engineers and 
geologists may be practicing in contaminated land assessment, amongst many other 
professional occupations (ASC & EP, 2009).
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The three approaches to gaining participants did not specify a minimum requirement of 
experience, rather allowed for a level of self selection. To ensure that this provided the 
required calibre of participants the SiLC Registered participants were used as a control 
group.
SiLC Register was set up to provide a list of experts in the field of contaminated land that 
could provide a consistent approach to the assessment of land condition. To be added to 
the SiLC register a candidate must have the following attributes:
1. at least 8 years experience in contaminated land,
2. be a chartered professional,
3. pass an exam set by SiLC Assessors that involves an interview and written 
assessment of a site.
SiLC qualified professionals are expected to have a “High level of competency in 
investigating and assessing contaminated land’ (SiLC, 2009) and are also expected to 
have an awareness of their own skills gaps. On this basis an element of self selection 
was felt to be sufficient to ensure that the SiLC registered participants were competent in 
contaminated land risk assessment and had a significant amount of experience in 
conducting such assessments.
An email was sent to all members of the SiLC register to request their participation in this 
study. The main motivation for participation was the fact that the study forms part of a 
Pledge for Action for the Brownfield Skills Proposals (ASC & EP, 2008) included in the 
Supporting Document RP1.6. Of the 60 registered members that were personally 
contacted to take part 15 replied showing interest in completing the study. Casebooks 
were sent to willing participants.
An email forum exists through ‘JlSCmail’ Contaminated Land Strategies that is open to all 
members of the contaminated land community.
“The list serves those members of the academic and practitioner community who are 
involved in the implementation of Part IIA of the Environmental Protection Act 1990 - the 
'Contaminated Land Regime'. “
httos://www. iiscmail. ac. uk/cai-bin/webadmin ?AO=CONTAMINA TED-LAND-STRA TEGIES
At the time of the study the forum had 850 members from across all sectors including; 
regulators, public sector local authorities and the private sector consultants. An email was 
sent to the forum requesting volunteers for the study.
A total of 27 forum members agreed to participate and were sent casebooks. The 
casebook did include questions relating to years experience and job title to establish the 
seniority and expertise of the participants.
An advert was placed in the Contaminated Land: Applications In Real Environments 
(CL:AIRE) Bulletin requesting participants for this study. The response rate from the
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advert was low with only two responses of interest directly from that source. It was noted 
that the email forum members were likely to also receive the CL:AIRE bulletins.
Finally, the general request for participants also asked for recommendations of other 
practitioners that may be interested in completing the survey. A total of eight people were 
approached in this way, five of which agreed to participate and were sent casebooks.
All participants were required to complete a consent form as part of the study. This is 
included in the example casebook in the Supporting Document RP1.6.
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RP1.5 Results
The participants for the study were self selecting and no restrictions were enforced on 
participation, however recommendations were made as to the level of experience and 
competence in the requests that were sent out. Using the SiLC registered participants as 
a benchmark for participant skill, as described above, a comparison of SiLC to non-SiLC 
participants was conducted.
The similarity of the groups can be seen in the following charts (Figure RP1.1 to RP1.3). 
The first chart shows the percentage of each group (SiLC or non-SiLC) that rated each 
case as high, moderate or low. The responses from SiLC participants are plotted next to 
those for non-SiLC participants for each case. For example, in Case 11 highlighted 
below, 36% of the SiLC qualified participants rated the case as moderate risk and 64% 
rated the case as high risk. Whereas, 26 % of the non-SiLC qualified participants rated 
the site as moderate risk and 68 % rated it as high risk. A similar comparison is made in 
the second chart (Figure RP1.2) using the modal class of each group (SiLC and non- 
SiLC) for each case. In this second comparison it can be seen that all but 6 cases have 
the same modal class between SiLC and non-SiLC; cases 9, 16, 19, 20, 24 and 27. The 
comparison in chart RP1.1 shows that for these cases the percentage split between risk 
ratings is fairly similar between groups, with the exception of Case 27. In Case 27 all 
SiLC participants rated the case as moderate risk whereas non-SiLC participants were 
split between moderate and high risk. In general, in the few cases where differences have 
been seen the non-SiLC participants rated the cases as one risk class higher than the 
SiLC participants. This pattern can also be seen in Figure RP1.1 where the non-SiLC split 
of risk ratings, shows slightly more high risk ratings for each case than can be seen for the 
SiLC participants. Further research into the perception of risk and the influence of risk 
scales is described below, and could also consider the influence of background as a 
potential variable.
The final comparison of the two groups is based on the mean risk ratings of each group 
on a case by case basis (Figure 1.3). To enable this comparison the risk ratings were 
converted from low, moderate and high to numeric values of 1, 2, and 3 respectively. This 
method of conversion for comparative purposes is a standard approach for this type of 
study (Breakwell et al, 2006), and whilst not ideal it is considered to be effective in 
psychology research. The implication is that a linear scale of risk is implied by the terms 
low, moderate and high. It is noted below that further research into the interpretation of 
risk scales could be used to identify the influence of numeric versus descriptive scales. 
Figure RP1.3 shows a strong similarity between the two groups. The similarity of the two 
groups was measured using the student t-test. The first assessment compared the mean 
risk rating assigned by each group for each case. This showed that these two groups 
were not significantly different (t(52) = 1.07, p = 0.29). The similarity between participants 
was confirmed with a second assessment that looked at the mean rating by participant 
rather than by case. For each participant the mean risk rating across all cases was 
obtained. The participants were then grouped to SiLC and non-SiLC and compared using 
the student t-test (t(28) = 1.44, p = 0.16). This assessment also showed the two groups to 
be sufficiently similar to be combined, confirming the first assessment.
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A final method used to compare participants was to assess the correlation between the 
mean response from each group for each case Using this method the correlation 
between the groups was found to be R = 0.899. The direct comparison of risk ratings as 
recorded and the statistical comparison of the numeric conversion of the ratings both 
show that the groups to be sufficiently similar to be combined and assessed as one group.
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The results of this study are explained in detail in the two journal papers noted above. 
The papers are included in Supporting Document RP1.1 (Cropp et ai, 2010) and 
Supporting Document RP1.2 respectively. The following results are based on the write up 
in these papers. The relevant papers for addressing each research question identified in 
the aims and objectives is included below.
1. How well do contaminated land experts agree with one another when presented 
with limited information about a site? (Cropp et ai, 2010)
2. What is the decision process followed by experts in the assessment of risk from 
land contamination?
a. Is the decision process demonstrated by experts adequately explained by 
Naturalistic Decision Theories? (Cropp et ai, n.d.)
3. What pieces of information about a site, if any, dominate the risk assessment 
process? (Cropp et ai, 2010 and Cropp et ai, n.d.)
4. Is the risk assessment process undertaken by industry experts consistent with 
current guidance? (Cropp ef a/., n.d.)
In addition to the results presented in the attached papers, feedback from participants in 
response to the executive summary of results sent to them (see Supporting Document 
RP1.7) is also recorded and summarised below.
RP1.5.1 Agreement Between Participants
The following has been taken directly from Cropp et at. (2010) and describes the findings 
for research question 1.
For each participant the risk rating given for each case was recorded and coded. Notable 
disagreement was observed on a number of cases. For example in Case 6, 47% of 
participants rated the site as moderate risk, the reminder were split evenly between a low 
risk and high risk ratings. In other cases there was much clearer agreement, such as 
Case 15, 93% of participants rated the case low risk and the remainder moderate risk. 
These illustrate the extremes of agreement between participants. It was noted that in 20 
out of the 27 cases the risk ratings were dominated (i.e. 90% of participants) by a single
rating (high or low risk), or by a combination of moderate and low, or moderate and high.
Two main aspects were considered as explanations for expert disagreement:
- uncertainty in the data,
- perception of the risk scale.
The competence of the assessors is not being assessed and as the SiLC and non-SiLC 
groups are so similar that competence was not considered to contribute to disagreement. 
To try to understand the cause of the uncertainty, the responses to the case specific 
questions were considered. It was noted that participants made comments relating to
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uncertainty in their assessment or noting conflicting information in the case. One example 
of conflicting data would be where soil chemical test data was very low, but water 
chemical test data was very high. The comments made by participants were that if there 
was not contamination in the soil, how was the groundwater contaminated? In some 
cases assumptions about an individual case were made by the assessor and noted. The 
three types of comment considered as indicators of uncertainty in the assessment:
requests for more information,
comment on conflicting information,
comment on an assumption made.
To assess the uncertainty in the data, the average certainty rating given by the experts for 
each case was compared to the standard deviation of expert risk rating for that case, 
taking the standard deviation for a case as a measure of agreement. The cases were 
then split, the half with the highest standard deviations had an average of 25.9 comments 
per case and the half with the lower standard deviations had an average of 22.6 
comments per case. Although the split in this way did not show a large difference, the 
conflicting information comments were double for the higher standard deviation cases 
(average of eight comments per case) compared to the lower (average of four comments 
per case). To investigate the perception of the risk scale, each casebook was assessed 
separately. The risk ratings for each case given by the individual participant for a 
particular casebook were compared to the overall mean risk ratings for each case. Figure 
RP1.2 shows two extreme example casebooks, each completed by a separate participant 
and compared to the mean risk rating. Casebook A completed by one participant, was 
rated to be consistently lower risk than the mean risk rating and Casebook B completed 
by another participant, was rated to be consistently above the mean risk rating. This 
indicates a difference in the perception or tolerance of the risk scale risk between these 
two participants. The sample size for the study prevented a meaningful analysis of 
subgroups within the sample set, and so it was not possible to investigate links between 
participant background and risk ratings. This may offer a potential future study to 
investigate the influence of background on decision making. It was noted that the 
variations were not consistent with either public or private sector participants, i.e. neither 
public nor private sector participants were not consistently above or below average.
ll I.II l l III
Casebook B 
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Figure RP1.4 Risk perceptions for two example casebooks (Figure 2 in Cropp etal.,
2010)
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RP1.5.2 Application of Decision Theories
The following section is based predominantly on text from Cropp et at. (n.d.) and 
describes the findings for research questions 2 and 3.
In the following section the results of goodness of fit of three models of decision making: a 
Lens Model; the Matching Heuristic; and an ECHO model. In all cases the mean of the 
participant responses was used.
One feature of the Lens model is that regression weights are calculated from the data, 
and there is a risk of over-fitting with ten cues and twenty-seven cases. Therefore he 
model was cross-validated in order to discover the extent of any shrinkage (i.e. reductions 
in decision accuracy as a result of over fitting). Limited or no shrinkage would indicate that 
the regression model was a valid predictor of the decision despite this ratio of cues to 
cases. To assess this effect the sample group was split in half to create a group for fitting 
the data (fitting group) and a group to test the how well the models can be generalised 
(generalizing group) (Field, 2009). Odd number participants were used as a fitting group 
and the regression weights were calculated from these data. The fit of this regression 
model was then compared to the even number participants who formed the generalizing 
group. A similar strategy was used to establish the best fitting cues for the Matching 
Heuristic. The story model and guidance comparisons did not require model fitting and so 
a simple comparison was carried out for the fitting and generalizing groups as well as the 
combined sample set.
Lens Model
The Lens model is based on the following equation to give a weighted sum of the cues to 
predict the dependant cue (in this case risk).
(3 = the un-standardised coefficients that weight the influence of each cue. 
c = constant derived from multiple regression analysis
Multiple regression analysis using the mean risk rating of the fitting group as the 
dependant cue was carried out to determine the (3 coefficients for each cue and constant, 
c. Table RP1.3 below gives the weightings and significance calculated for each cue.
Equation RP1.1
Where
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Cue Standardised Beta Weight, p t Significance
Site History 0.030 0.249 0.807
Surrounding Land Use 
(combined source /  receptor) 0.245 2.042 0.058
Groundwater vulnerability 0.191 1.592 0.131
Ecology vulnerability -0.038 -0.319 0.754
Surface water vulnerability 0.043 0.361 0.723
Soil chemical test data 0.534 4.447 0.001
Water chemical test data 0.229 1.910 0.074
Gas monitoring results 0.408 3.399 0.003
Fluid pathway 0.024 0.199 0.845
Human pathway 0.406 3.383 0.004
Table RP1.3 Lens Model weightings (Table 2 in Cropp et al., n.d.)
The p weights were applied to the cue combination for each case to get a predicted risk 
score for that case. These were then compared to the average expert response of the 
fitting group and the generalization group. The R2 for the fitting group was 0.77 and the 
generalization group was 0.74. The most significant cues in the model are soil 
contamination, gas monitoring results and human pathway. Other cues approaching 
significance are water chemical test data and combined surrounding land use cues.
Matching Heuristic
The basis for the Matching Heuristic approach is illustrated in the example cue 
combination in Figure RP1.5. The Matching Heuristic approach is based on dichotomous 
cues being assessed in series. This approach was adapted for the present study that 
used trichotomous cues. The basis for the simplification was that if the cue of concern 
was clearly a low risk indicator, then the site could be classified as such, but if not then the 
next cue was required to make the decision. This dichotomous choice was applied to the 
two most significant cues. If a case had not been classified by the first two cues then the 
case was classified as low, moderate or high risk-based on the final cue in the series, as 
shown in Figure RP1.5 below.
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/  CUE 1: \  
SOIL TEST DATA 
vfllSK IDICATOR*'
Moderate / High
/ ' C U E  2: G A S \  
MONITORING DATA
S r is k  id ic a t o r /
Moderate / High
  CUE 3: ----- -
HUMAN PATHWAY 
SRISK IDICATOBk
Low  High
Moderate
LOW RISK 
SITE
MODERATE 
RISK SITE
HIGH RISK 
SITE
Note: The above application of the Matching Heuristic was also carried out where high risk indicator was the deciding factor 
rather than low risk indicator (i.e. decision options for Cue 1 and Cue 2 were either; High which determines the site as High 
Risk, or Moderate / Low and the next cue was used).
Figure RP1.5 Matching Heuristic model (Figure 1 in Cropp etal., n.d.)
The order of the best available cues was calculated by correlating each cue with the mean 
expert responses. The higher correlation suggests better ability of the cue to predict 
expert decisions. Several models were created using the Matching Heuristic with different 
numbers of cues. Table RP1.4 shows the fit of these models to the fitting group. The best 
fitting model was found using three cues in series and includes soil chemical test data, 
gas monitoring results and human pathway cues. The three cue combination was then 
compared to the generalizing group.
Number of Cues Used Fitting Group
(R2)
Generalizing 
Group (R2)
Single cue 
(Soil chemical test data) 0.29 -
Two cues 
(Gas monitoring results added) 0.28 -
Three cues 
(Human pathway added) 0.34a 0.41
Four cues 
(Water chemical test data added) 0.26 -
a. Matching Heuristic using high risk indicator as the deciding factor gave R2 for the fitting group of 0.32.
Table RP1.4 Correlation of Matching Heuristic with increasing number of cues (Table 3 in
Cropp etal., n.d.)
RP1 - 34
Engineering Doctorate: Regenerating the Brownfields
Research Project 1: Expert Judgement in Contaminated Land Assessment
ECHO Model
A model was constructed for each case using ECHO. The evidence input to the model 
was the cues, and the alternate hypotheses were low, moderate or high risk outcomes. 
Each cue (item of evidence) was connected to, and thus supporting, the most appropriate 
risk (hypothesis) based on the risk indicator level for that cue. Contradicting links between 
items of evidence or hypotheses were also modelled. Contradiction lines were included 
between high and low risk hypotheses only, no supporting or contradicting connections 
were added between cues. Supporting links between moderate and high risk and 
moderate and low risk hypotheses were included to represent that the pairs are not 
contradictory; i.e. it is not inconceivable that one expert may assesses a site as low risk 
and another assess the same site to be moderate risk. Figure RP1.6 below is an example 
of a case. Here the site land use was a high risk indicator and was linked to the high risk 
hypothesis, the soil test data was a moderate risk indicator and was linked to the 
moderate risk hypothesis/similarly the water chemical test data was a low risk indicator in 
the design and was linked to the low risk hypothesis, and so on for all cues.
Moderate
Risk
Soil Test Data
Human
Pathway
Surrounding 
Land Use Site History
Groundwater
Vulnerability
Gas Test Data
Low Risk High Risk Jg*
Evidence
Fluid Pathway
Ecology
Vulnerability
Water Test 
Data
Surface Water 
Vulnerability
KEY Contradict
Explain
Figure RP1.6 Example case set up from the ECHO Model (Figure 2 in Cropp etal., n.d.)
The ECHO model output is based on the activation of each hypothesis (i.e. high, 
moderate or low risk) after the network has settled into a stable state. To convert this to a 
predicted risk rating a weighted average of the activation levels was taken based on 
Equation RP1.2 below:
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n
x  =  J=i_____
» Equation RP1.2
X wi
1=1
For example, in Case 13 the activation level for low risk was 3.4, moderate risk 6.0 and 
high risk 8.4. The risk ratings were coded from 1 (low risk) to 3 (high risk). The weighted 
average risk score for this case was:
-  (3.4xl.0 + 6.0x2.0 + 8.4x3.0) _ ■
3.4+ 6.0+ 8.4
The predicted risk scores for each case could then be compared to the fitting and 
generalization groups of participants. As the fitting group was not required to generate the 
risk scores in this model a comparison of the average risk score from all participants was 
also made. The R2 for the fitting group was 0.43, the generalization group was 0.45 and 
the correlation with all participants was 0.46.
RP1.5.3 Agreement with Guidance
The following section is taken from Cropp et al. (n.d) and describes the findings for 
research question 4.
The specific guidance selected for this comparison was the National House Builders 
Council (NHBC) Guide for Developing Housing on Contaminated Land (NHBC et al., 
2008). It was assumed that the risk indicators of high, moderate or low for chemical test 
data (soil, water and gas) were interpreted as intended by assessors. The 
recommendations in the guidance were applied to determine a risk rating for each site 
independently by two assessors, the correlation between them, r, was 0.60. As the fitting 
group was not required to generate the risk scores in this model a comparison of the 
average risk score from all participants was also made. The R2 for the fitting group was 
0.51, the generalizing group was 0.41 and the correlation with all participants was 0.49.
RP1.5.4 Comparison of Decision Theories
The summary table from the paper included in Cropp et al. (2010) is repeated below for 
convenience. The results in this paper were split to use half of the participants to fit the 
models and then the remainder were used as the generalisation group to assess how well 
the models could predict risk ratings (generalisation).
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Model Fitting Group 
(Ft2)
Generalization 
Group (R2)
All Participants 
(R2)
Lens Model 0.77 0.74 -
Story Modela 0.43 0.45 0.46
Matching Heuristic 0.34 0.41 -
Guidancea 0.51 0.41 0.49
Note:
b. Story model was operationalised using Theory of Explanatory Coherence and the ECHO model. The ECHO 
model and guidance comparisons did not require model fitting as risk levels were determined by the cue 
combinations and the guidance definitions of risk respectively.
Table RP1.5 Summary of model fitting to expert responses (Table 5 in Cropp etal., n.d.)
RP1.5.5 Qualitative Data
The following section is taken from Cropp et al. (n.d).
Content analysis of the comments made relating to specific pollutant linkages was carried 
out to assess the specific cues used by participants. In each case the participant was 
asked to comment on the pollutant linkages of concern. These were coded and the 
frequency of comment for each cue summed. The frequencies were then correlated with 
the risk indicator level set for the cue in that case. These results are presented in Table 
RP1.6. For most cues, but not all, the level of risk was positively associated with the 
number of comments, indicating that important cues were referred to more frequently. The 
frequencies show that a comparatively small number of cues were often identified as 
important. The four most frequent -  soil chemical test data, gas monitoring results, water 
chemical test data and human pathway -  were also four of the five cues identified as the 
most highly weighted within the Lens model. This provides further support for the finding 
that a small number of key cues are particularly influential in the decisions made.
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Cue
Mean Number of 
Comments per 
Participant
Correlation (r) of 
Comment Frequency 
with Cue Risk 
Indicator Level
Site History 2 0.401*
Surrounding Land Use (combined 
source /  receptor)
2 -0.266
Groundwater vulnerability 8 0.717**
Ecology vulnerability 3 0.697**
Surface water vulnerability 6 0.772**
Soil chemical test data 15 0.850**
Water chemical test data 9 0.764**
Gas monitoring results 12 0.971**
Fluid pathway 7 -0.267
Human pathway 9 -0.054
*p<0.05, two-tailed; **p<0.001, two-tailed.
Table RP1.6 Frequency of cue related comment and R with cue risk indicator rating
(Table 4 in Cropp et al., n.d.)
In addition to the risk rating, participants were asked to rate their certainty in the 
assessment and were given the opportunity to comment on this. The arithmetic mean 
certainty rating was 3.5 out of 5.0 across all participants, with a standard deviation of 0.9. 
Three typical comments were noted as indicators of uncertainty:
- requests for more information to make a judgment about risk,
comment on conflicting information such as high water chemical test data but 
low soil test results,
- comment on an assumption made.
The frequency of these comments was counted and it was found that a mean of 22 
comments per participant were made relating to uncertainty, including five comments per 
participant relating to conflicting data. This indicates that the participants were not 
considering cues in isolation, they were aware when particular combinations of cues were 
less likely. For example, a case in which the site history was low risk because there were 
no previous industrial buildings on the site, yet the soil chemical test data indicated a high 
risk raised some questions. Where did the chemicals come from if there was no history of 
pollution on the site? These cues were not simply added to form a judgement. The
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participants sought an explanation of the pattern of cues which was meaningful. They 
were less certain when such an account was not possible because the cues conflicted. 
This supports the Theory of Explanatory Coherence which predicts that participants will 
seek a coherent explanation of the cues and their relations.
RP1.5.6 Feedback from Participants
A summary of the findings were sent to participants, and is included in the Supporting 
Document RP1.7. Three participants responded with feedback and the main points were:
- The interpretation of the key outcome from the summary sent to the experts was 
that more data is needed for experts to make a decision.
- Risk perception is not consistent throughout industry, despite guidance from the
Environment Agency (EA) on the topic. The participant commented that; “Many 
practitioners find this [referring to the EA guidance] to be too detailed for 
contaminated land assessments, especially when information is limitedand use a
simplified approach” An example risk rating matrix was attached to the response.
- One expert suggested that the models should be tested on a subset of the
participants.
- Finally the impact of the participant background on perception of risk was 
questioned: “I also wonder what effect the position, company and background of 
the respondent has on their judgement. It has been mooted that companies with 
remediation arms, numerous offices/staff/shareholders or expensive insurance 
policies are more likely to see 'problems' in a site and in a set of results. ”
These comments are in line with the assessments made on the data and are noted in the 
discussion below in more detail. No participants responded with negative comments to 
the summary sent to them.
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RP1.6 Discussion
As noted in the previous sections in this research project the papers included in 
Supporting Documents RP1.1 and RP 1.2 include the main discussion points for this work. 
Below is a combination from these papers. To answer the research questions posed in 
Section RP1.3 analysis has been carried out on both the qualitative and quantitative data 
collected through this study.
The first point of concern is the agreement between experts on a case by case basis. A 
review of the standard deviation between expert risk ratings for each case revealed a 
disagreement between experts that could not be explained by the expected variability of a 
normal distribution of responses. The possible explanations for the discrepancy proposed 
are the level of certainty that experts attributed to the risk ratings for each case, the 
experts’ perception of the risk scale available to them and the influences of different 
backgrounds of the experts.
For cases with a lower certainty rating there was an increase in comments relating to 
either; missing information (including assumptions made) or contradictory data presented 
in the case. The requirements of the study to restrict the time for completion meant that 
the data supplied to participants needed to be limited. This lead to inevitable gaps in 
information supplied and as such some aspects were open to interpretation. The 
contradictory combinations of data were mitigated in some cases, but to ensure an 
orthogonal design of the cue combinations it was not possible to alter many combinations 
without inducing some co-dependency of cues. Later discussions of the application of 
decision theories to the responses include the importance of maintaining the 
interdependency of cues presented to the expert. It appears that the cause of uncertainty 
relates to a lack of a coherent story. Klein suggests that experts look for expected 
patterns in situations being assessed and are quick to recognise anomalies (Klein, 1999). 
The cases that have higher than average agreement between experts are those where 
the cues are more aligned. For example in Case 15 all cues were classified as either low 
or moderate risk indicators. The standard deviation of risk ratings from experts was 0.25 
compared with the mean standard deviation of 0.55 across all cases. The mean certainty 
rating for Case 15 was 4 out of 5, and there were no comments recorded that referred to 
contradicting or uncertain data.
Another factor considered as a possible contributor to the discrepancy was the perception 
of the risk scale made available to the experts. This issue was also raised in the feedback 
from participants. In some casebooks the experts consistently rated the sites higher, or 
lower than average. The relevance of background was considered to see whether the 
position of the decision maker influenced the perception of risk. No clear link could be 
found between public or private sector participants and consistent high or low risk ratings. 
For a sample size of 30 it would not be practical to split the group any further to look at 
more detailed background information. For the participants that did have consistently high 
or low ratings it indicates that those participants may have a different interpretation on the 
meaning of high, moderate or low risk. No definition was offered at the start of the study. 
This would also require a very prescriptive set of instructions on how to rate risk which 
would have been inappropriate given the aim of this study to observe how experts make 
decisions without attempting to unduly influence them.
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Accepting that there is some disagreement between experts the mean expert response 
was used as a basis for assessing whether any specific cues were more significant than 
others. The three most significant cues were the soil test data, gas test data and human 
pathway. Interestingly the average source cue indicator rating correlated better with the 
average expert than any single source cue. The strong correlation of the source data with 
the risk scores is arguably consistent with the legislative definition of contaminated land 
(as in Part IIA). Without a source of contamination there cannot be any risk from it. 
However, legislation requires that a source must have a viable link to a sensitive receptor. 
In all cases there is a human receptor present, as the scenarios are based on housing 
developments, and the presence of a source and a human pathway would therefore infer 
a pollutant linkage. If there was a high source of contamination but no pathway it is 
possible that an expert would consider there to be some residual risk. The assessment 
of the sensitivity of receptors and the plausibility of a pathway may be more open to 
individual interpretation than the sources. The test data, specifically, is a numerical cue 
that can be compared to acceptable levels. See TD2 for details on the derivation of 
guidance values for contamination. For this reason it could be assumed that there is less 
scope for disagreement amongst exerts. However, TD2 also highlights the current state 
of flux in the UK with regard to soil guideline values that can be used. Without the 
presence of clear guidance the assessor’s judgement becomes more influential in 
deciding risk levels, even with the quantitative test data.
The cues that did not appear to have a strong influence on the risk assessment process 
included; water test data, site history, surrounding sources of contamination, fluid pathway 
and all receptors (other than human which could not be correlated as it was a constant). 
The assessment of the correlation between the frequency of comment on a cue in the 
case specific questions and the cue risk rating show that some of these cues are being 
considered, even though the quantitative assessment of correlation is not strong. The site 
and surrounding land use cues and the pathway cues are not well correlated in terms of 
commented consideration in the risk assessment, the other receptor cues do seem to be 
commented on more frequently as their risk indicator rating increases. The guidance 
would suggest that all these factors should play an equally important role in the 
assessment of risk. The legal definition of contaminated land is not limited to the risk to 
human health and so other receptors and sources of contamination should be considered, 
however not reflected in the results.
The third question considered in this study was to assess how well the risk assessments 
made by experts could be explained by naturalistic decision theories. Three models have 
been described; the Lens model, matching heuristics and the story model (applied using 
Theory of Explanatory Coherence). The theory that fits best with the data is the Lens 
model based on a high correlation with the mean expert risk rating. The Lens model is 
dominated by the soil test data and the gas monitoring data. The human pathway, water 
contamination test data and the groundwater vulnerability are also significant contributors 
to the total risk score. This reflects the findings from the correlations of individual cues. 
The weighting given to the groundwater vulnerability is higher than may be expected from 
the individual cue correlations. The weighted approach includes source, pathway and 
receptor cues as significant contributors to the total risk score. This reflects the definition 
of contaminated land under Part IIA which is based on source pathway receptor linkages.
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The matching heuristic models suggest a similarly reduced number of significant cues 
used as a basis for risk assessment. An explanation as to why the matching heuristics 
approach does not correlate as well as the Lens model can be found by comparing the 
contaminated land context with that described as appropriate for the matching heuristic. 
One feature of decision contexts where heuristics are best applied is time pressure. The 
time pressure aspect is not as applicable to this kind of assessment generally. The mean 
time taken to complete the study was 3.5 hours (8 minutes per case). Although this is 
much less than a full risk assessment would be for a real site, it is still not an instant 
decision. There is also the fact that the risk assessment will need to be defensible and 
will be reviewed by a regulator. This means it is more likely that even if the actual risk 
level is decided using a limited number of cues, the consultant would show all of the 
possible pollutant linkages that are not present as well as those that are in their reporting.
The story model was included as an alternative to the above as it uses a holistic approach 
to the available data, looking for supportive and contradictory evidence to explain the 
possible hypotheses (risk ratings). The approach was operationalised through the Theory 
of Explained Coherence and the ECHO tool. The approach fits well with the guidance and 
the generation of a conceptual site model to form the basis of a risk assessment. It also 
fits with the idea that the expert will understand the ‘big picture’ and be able to relate the 
cues to one another. In the open questions within the casebook comment was made 
regarding the connection of cues and noting any conflicts that did not fit with the ‘story’ 
that the assessor had envisaged for the case. The comments in this regard echo Klein’s 
(1999) description of the abilities of an expert to recognise underlying patterns and 
connections in cues presented to them. Klein suggests that experts are able to use rules 
in their decision making through experience and awareness of limitations. He also notes 
that experts may be reluctant to explain them to others as the context for applying them 
can be very specific (Klein, 1999). Also the model does not allow for weighting of any of 
the cues. It is clear from the analysis of the cue correlations to expert risk ratings, that 
some cues influence risk more than others.
The agreement of the experts with industry guidance was assessed by comparing a 
casebook completed using the recently published NHBC guidance (NHBC et ah, 2008) to 
the average expert. The guidance did not fit as well as other models. The assumptions 
with the application of the guidance were that the tests data was interpreted as intended 
so that the risk indicator level assigned in each case could be input into the guidance 
tables. This may not have been the case for experts. There are limited specified 
acceptable limits for contamination levels in the UK and in recent years the guidance has 
been developed and changed several times. TD2 describes this in more detail. An 
example of the changing state of guidance is that at the time of the study being completed 
the Environment Agency had withdrawn soil guideline values in the UK, and had not yet 
supplied an alternate set of values. The interpretation of what is an acceptable level of 
contamination requires expert judgement as ‘acceptable’ in this context is a risk-based 
idea. The low correlation may also be related to the perception of the risk scale.
The NHBC guidance was published around the same time as the study was completed by 
experts. Up to that point in time there had not been an explicit risk scale defined in 
guidance. It is assumed that the industry practitioners would have their own systems for 
rating risk; this assumption is supported by responses in expert interviews. This relates
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back to the risk perception issue discussed above with respect to disagreement between 
experts.
The overview questions were used to identify the information that participants would have 
liked to have had available to aid their risk assessments. The most common responses 
were for additional qualitative data, additional chemical test data and surface and 
groundwater information. Participants were also asked what information would be 
required to make recommendations on risk management. In general the information was 
the same as with the first question, with the addition of client and regulator attitudes. The 
additional information requested supports the case specific feedback that described a 
more holistic approach to the assessment process. The addition of client and regulator 
attitudes as information required for risk management recommendations supports the 
responses in expert interviews as an important factor in risk management.
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RP1.7 Conclusions
This study aimed to provide a better understanding of how experienced practitioners make 
decisions about risk from land contamination. The results of the study have shown that 
experienced assessors appear to make decisions based on a limited number of cues. 
The chemical test data (soil and gas) and human pathways correlated with participant risk 
assessments better than other cues. The qualitative data obtained in the open question 
analysis suggested a more holistic approach was used where other cues were considered 
by the expert. The basic story model whereby all information was considered equal and 
used to assess a risk rating did not correlate as well to expert responses, but did reflect 
the qualitative data. The Lens Model fitted the data much better than any other model. 
The risk assessments made by following industry guidance fitted the expert assessments 
less well than the proposed decision theories. This may be due to the application of the 
guidance, or the fact that it was published around the time that the study was being 
completed. Prior to the publication of the NHBC Guidance (NHBC et al., 2008) there was 
not explicit guidance available on what constituted high, moderate or low risk in the 
assessment of land contamination which may help to explain discrepancies between the 
new guidance and the participant responses. The low correlation with guidance would 
appear to support the recurring theme that a limited number of cues dominate the risk 
assessment process and, although the expert assessor will consider the interconnected 
cues, the actual level of risk assigned can be linked to a few key pieces of information. 
These findings do not suggest that experts are doing anything wrong, and they may well 
report their decisions in accordance with guidance. Rather the findings suggest that the 
decision process used in this context allows for some weighting of the information as 
some cues appear more influential than others. There are also indications that the 
understanding of the connections between cues is important to give certainty to the 
assessment. It appears that the best model may be a weighted story model approach; 
however this could not be confirmed in the analysis.
Guidance supports the reporting process where the source pathway receptor model is 
required by legislation to demonstrate the state of contamination on a site. However, the 
results from this study suggest that the actual risk assessment process comes from a 
much more general understanding of the site and the connections between cues, 
alongside a heavier weighting of some information. In gaining a better understanding of 
how judgement is applied by experienced practitioners to risk assessments, guidance and 
training may be developed to support the development of these skills. Experience-based 
training exposing assessors to a range of sites and cue combinations may help build 
familiarity with the expected patterns, and anomalous ones as well. In addition 
information about which cues are most influential may help assessors focus on the key 
issues and make more efficient decisions about risk.
The findings from the present expert study have been reflected in the weightings used in 
the combination of information in the GR:ASS Method when applied to housing 
developments (although the tool does have wider application). With the inclusion of the 
findings from the expert study, the GR:ASS Method may also provide a useful training tool 
for less experienced practitioners.
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RP1.7.1 Contribution to Knowledge
The following points summarise the contributions to knowledge of this study.
A comparison of three naturalistic decision theories applied to contaminated 
land context; heuristics, Lens Model and Story Model. In this context the Lens 
Model offers the best fit to the risk assessments made by expert participants, 
where as the story model supports the qualitative comments collected. It is 
proposed that a combination approach is used where a coherent story is 
required but not all data is equally weighted in its influence on risk.
An explanation of the expert decision making process is offered that differs from 
the guidance in the weighting of information. It is suggested that the source test 
data is more important than any other data. The qualitative data suggests that 
experts use this to assess the magnitude of the problem and then require a 
believable story to explain the scenario. This is not the same as the source 
pathway receptor model that is suggested in guidance as an approach to use. 
The study supports the importance of the conceptual site model in 
understanding the whole site, before the linkages are assessed. The guidance 
that relates to the source pathway receptor links support the more outward view 
of required reporting, whereas understanding the site as a whole without 
breaking down the individual cues appears to be more important to risk 
assessment process used by expert decision makers. More research is 
required to investigate the details of this process.
The casebook itself can be used as a training tool for novice assessors to 
complete and then compare to the expert responses. The disagreement in the 
most uncertain of cases emphasises the need for the complete story to make 
sense of the data.
The application of mathematical and computational approaches to applying and 
comparing decision making theories typically studied by NDM researchers, has 
a allowed a more rigorous test of their application. The comparison of three 
theories of decision making, along with the NHBC guidance, is novel within 
NDM research where comparisons are generally between two theories at most.
RP1.7.2 Further Research
A number of additional research questions have been raised as a result of this study, 
below are some of the main aspects that could be explored in more detail through further 
research.
This study is limited to a housing context. Further research is needed to assess 
the differences in approach for other development types. Although government 
targets remain for housing development, the commercial housing sector has 
seen decline since the end of 2008. Further research using alternate site 
conditions could be used to identify the importance of the other source pathway 
receptor links that exclude humans.
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- Risk perception. More detailed review of the experts’ perception of risk is 
needed to understand the risk scales used in the assessments. For example is 
low risk the same for everyone? In addition to perception of risk, the influence 
of numeric risk scales compared with descriptive scales should be considered. 
Included in this is the possible effect of background and sector on the 
perception of risk. This point was raised in the feedback from participants, 
however due to the sample size used in the study this could not be investigated 
further.
Influence of supplied data. One novel contribution to this work was the use of 
rich case data to describe each case. It would be of interest to see what 
influence the more complex information supplied had on the decision process, if 
any. A repeat of the study using an explicit list of the cues would provide such a 
comparison.
Detailed assessment. The study was limited by the time available for experts to 
contribute and was focussed on getting a wider participation rate. A follow on 
second study could investigate more closely the process with which experts use 
a full set of site information. The SiLC qualification requires applicants to pass 
an exam where a detailed risk assessment of land contamination is carried out. 
This data could not be used for this study, however further research may be 
able to adapt this information as a starting point. Alternative more detailed 
studies using alternate investigation techniques such as ‘thinking out loud’ 
technique or other observational methods for recording the decision process.
The present study has focussed on the decision making processes involved in 
the assessment of risk. The management of that risk has been considered as a 
separate stage in the process, as described in industry guidance. Whilst risk 
management is clearly linked with risk assessment, this later stage may be 
more strongly influenced by social and human factors. It is also a more choice- 
based decision compared to the more scientific analysis of information that 
forms the basis of risk assessment. A further study into the influencing factors 
on risk management strategies for dealing with land contamination could also 
be beneficial. One option for this type of assessment may be to review actual 
case data, following up with interviews of a range of interested parties that may 
influence a risk management strategy; e.g. land owners, regulators, planners, 
local communities, as well as consultants and contractors involved in the 
remediation process itself.
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CDM Construction (Design and Management) Regulations
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Contaminated Land
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PPS Planning Policy Statement
RP Research Project
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Related Portfolio Sections
The Technical Digests and Supporting Documents relevant to the study of volume 
estimation techniques are listed below.
Technical Digests:
i. TD1: Legislation
ii. TD2: Guidance and Best Practice
iii. TD4: Contaminant Behaviour
iv. TD5: Volume Estimation Techniques
V . TD7: Remediation Technologies
Supporting Documents
Conference Publications:
RP2.1: Cropp N, Hellawell E and Woods R (2008) Simplified volume estimation
techniques for contaminated land remediation: a UK example. In 
proceedings of Brownfields IV p 103-112. Cafelonia, Greece.
RP2.2: Cropp N, Hellawell E and Woods R (2007) Soil and Water Conservation In
proceedings SEESOIL Winter Meeting p10. Surrey, UK
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RP2.1 Introduction
This project was started at the beginning of the EngD and was the precursor to the 
Grid Assessment (GR:ASS) Method described in RP3. For sites that are deemed to 
have unacceptable levels of contamination, either under planning regime or Part IIA, 
a remediation strategy will be developed detailing the appropriate remediation 
methods proposed for the site specific contamination. TD7 includes a review of 
remediation technologies available in the UK. In the majority of development 
projects that involve remediation there will also be a need to estimate the volume of 
contaminated material to be treated. Taking in to account the commercial context of 
development projects there is a need to limit the time, cost and resources used on 
remediation that is required before the development can progress. This need to 
focus the remediation activities drives improved assessments of the extent of 
contamination and the volume estimation methods used. TD5 includes a review of 
some existing volume estimation techniques with respect to their applications and 
limitations for the assessment of land contamination. These are closely related to 
the behaviour of the contaminant being assessed. TD4 includes a review of 
contaminant behaviour for common contaminants for the UK. There is a key link to 
be made between the source of contamination, its behaviour in the soil and the 
assumptions made in estimating volumes of contaminated soil to be remediated. 
These links are discussed and the appropriate application of volume estimation 
methods proposed.
The relevant legislation and guidance for the assessment of land contamination is 
described in TD1 and TD2 respectively. Section RP2.2 below is concerned with the 
decision context in terms of legislation and guidance, volume estimation techniques 
and contaminant behaviour. In addition, the key decision makers are described in 
terms of their role in the remediation of contaminated land and the influences and 
drivers behind their decisions. The aims and objectives of this study and the 
interaction with other aspects of the portfolio are included in Section RP2.3. 
Section RP2.4 summarises the simplified volume estimation techniques used in this 
project and Section RP2.5 describes their application to a case site. The findings 
are discussed in RP2.6 and finally the conclusions of the study and contributions to 
knowledge are described in RP2.7. The early findings of the research have been 
presented in a conference paper and extended abstract included in the Supporting 
Document RP2.1 and Supporting Document RP2.2.
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RP2.2 Background to Study
This project was focused on the estimation of volumes of contaminated land. As 
noted in RP2 metal and metalloid contaminants have been the most common in the 
UK (EA, 2007), and are described in TD4 as an example of less mobile 
contamination. The next most common form of contamination is inorganic 
compounds and then organic compounds (EA, 2007). The latter are often more 
mobile contaminants in the soil environment. The different properties of the 
contaminants encountered on sites will influence the most appropriate method of 
assessing the likely extent of contamination from site investigation data, and also 
the form of remediation to be used. The metal and metalloid contaminants pose 
challenges for remediation methods and also estimation of their extent on site as 
they are less mobile. The decision context for this study includes legislative aspects 
as well as other technical issues associated with soil volume estimation, specifically 
contaminant behaviour and interpolation methods for spatial data. The framework of 
legislation and best practice guidance that specifically applies to remediation and 
construction on land affected by contamination is an important part of understanding 
the factors that affect the key decision makers. The decision makers involved in the 
design and implementation of remediation strategies are, primarily, the consultant, 
contractor and the regulator. The consultant and contractor will be responsible for 
volume estimation calculations. The role of each party is described in RP2.2.2 
below.
RP2.2.1 Decision Context
The decision context is made up of legislative and technical issues. Each are 
summarised below with further information available in the technical digests.
Legislative Aspects
TD1 and TD2 include a review of the general legislation and guidance that applies to 
Brownfield development and contaminated land. The key legislative aspects from 
this section that apply to construction on land affected by contamination include the 
following.
Part IIA of the Environmental Protection Act (1990) referred to as Part IIA 
which gives the legal definition of contaminated land and remediation 
(Defra, 2006).
Planning regime, specifically Planning Policy Statement (PPS) 23 (ODPM, 
2004) which considers land contamination as a material concern for all 
developments. It is through the planning regime that conditions are 
imposed on planning permission granted for any development projects. 
Annex 2 of PPS 23 (ODPM, 2004) gives detail on the interaction between 
planning and the contaminated land regime and also the roles of the 
developer and regulators.
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Waste management legislation (e.g. EA, 2004) and Environmental 
Permitting (England and Wales) Regulations 2007 (SI 2007 No 3538) are 
used to control waste disposal and remediation technologies used in the 
UK. The changes in waste legislation have lead to increasing costs 
associated with treating land contamination, which is a key driver for 
developers to minimise the volume of material to be treated or disposed 
of.
Construction (Design and Management) (CDM) Regulations 2007 (SI 
2007 No. 320) which dictate the general health and safety related 
responsibilities of the client, designer and contractor for all construction 
projects. Health and Safety Legislation regarding short term risk to 
construction workers on site. Guidance for the safe development on land 
affected by contamination is also of importance to the implementation of 
investigations and remediation of contaminated land (HSE, 1991).
Of the above list, the key legislation for the remediation of land contamination are 
the waste regulations and Environmental Permitting (England and Wales) 
Regulations 2007. The well-established waste hierarchy should be at the heart of 
development on land affected by contamination. The benefits of this are efficient 
use of resources which has environmental benefits, reduced use of materials on site 
and potentially associated financial savings through avoidance of waste disposal 
costs. The reduction of waste in design is the most preferable option as it deals with 
the problem at source. However, waste reduction is not always practical and 
inevitably some waste will be produced.
An issue for the remediation of contaminated land in the UK has been the definition 
of waste and when a substance ceases to be waste (discussed in TD1). The 
definition of a material in this way will have an impact on the remediation technology 
used, the permitting requirements and the ongoing costs of the treatment or 
monitoring required. The reuse of excavated material on site can be limited by the 
current regulatory regime and avoidance of the title ‘waste’ for material appears to 
be the crux of the challenge. Exemptions to the waste-licensing regime offer an 
opportunity to avoid the waste management legislation. The advantage of this is 
that material can be re-used on site on the condition that it is suitable for that use. 
Cut-fill balances across a large site may be difficult to achieve. However, by re­
using suitable material from the site there is a reduction in import of new material 
and/or disposal of waste material. For an exemption to be granted intent of use 
must be clear. Material (that is not classified as hazardous) can be used on site for 
construction purposes. However, if the material is surplus to requirements and 
disposed of on site the landfill regulations would apply. Such definitions are open to 
debate, and so the best method to ensure that the exemption is valid is through 
early consultation with the EA.
Disposal of waste is becoming increasingly difficult as the legislation on landfills is 
developed in an attempt to reduce the reliance on this option. Landfill tax is the 
most obvious deterrent that can be used, and with a long to medium term rate set at
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£40/tonne for hazardous waste it increasingly presents a real obstacle to disposal 
(HM Customs and Revenue, 2009). Furthermore, with the ban on co-disposal of 
waste imposed in 2004 set out in the Landfill Directive (EU Council Directive 
1999/31/EC of 26 April 1999 on the Landfill of Waste), the requirement for pre- 
treatment of hazardous and non-hazardous wastes and the need to meet Waste 
Acceptance Criteria (WAC) under The Landfill (England and Wales) (Amendment) 
Regulations 2004 (Statutory Instrument 2004 No. 1375), landfill is becoming far less 
attractive. As a result of all of these factors process-based remediation options offer 
a viable alternative to landfill.
Technical Aspects
The technical aspects noted as significant for remediation design are:
the behaviour of contaminants (TD4),
volume estimation methods (TD5),
the selection of remediation technology (TD7), and
the need to deal with uncertainty in sparse data.
In the past the most cost effective option for dealing with contaminated material was 
to simply excavate the material and dispose of it in landfill, termed ‘dig and dump’ 
(Rivett, et al., 2002), with little drive to minimise volumes. There are a number of 
draw backs to this approach as noted above. On a basic level, although the hazard 
and consequently the risk of exposure to those on the site is removed, the 
contaminated soil is simply relocated and so the hazard is moved to a landfill site 
instead. Whilst the hazard may be better controlled at a designed landfill site the 
availability of landfill for this type of operation is ultimately limited (Wood, 1994). 
The rise in cost of disposal described above has made previously more expensive 
process-based remediation a more viable option.
The guidance available for the process-based techniques highlights the more 
established methods (for example bio-remediation) with limited attention on 
alternative technologies. Understandably, industry is reluctant to embrace new 
technologies without guarantees for the effectiveness of the techniques. The risk to 
the developer is that a novel process may be employed, however if the method is 
not as effective as suggested then the developer would be forced to find an 
alternative. The time and costs associated with any ineffectual technologies is 
simply lost. As such the main barrier to the implementation of new technologies 
appears to be in the acceptance of liability for success of remediation (EIC, 2008). 
To facilitate progression of the remediation market new technologies to treat difficult 
contaminants or offer more efficient remediation need to be well tested, and 
developers need to be accepting of some level of risk. There may also be a role for 
government funding to support the development of new technologies.
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There are a range of approaches to selecting remediation methods for a site, 
although some common themes do re-appear, such as the identification of 
management, technical, environmental and social objectives for the process. Once 
these criteria have been established the method of comparing available 
technologies becomes clearer. The decision tools available are aids in this process 
but a site specific approach is essential. The practical application of a remediation 
strategy often includes approximations of volumes of material to be treated. The 
extent of contamination on the site is based on a limited number of data points 
within a defined area. At each data point the level of contamination is known for a 
given sample depth.
In a commercial context, time and cost pressures lead to simplifications of the 
volume estimation process. These simplifications must strike a balance between 
environmental risk from underestimates of the contaminated volume and cost of 
wasted resources associated with overestimates. In addition there is a need to 
trade off increased accuracy with the time required to conduct an assessment. By 
improving the assessment of the extent of contamination across the site the design 
of the remediation programme can be targeted to treat only the areas that require it. 
This has both commercial and environmental benefits by reducing the remediation 
costs and wasted resources associated with the treatment of acceptable soil. 
However, the nature of estimation means that there is inevitably some level of 
uncertainty involved. In the case of contaminated land this is predominately related 
to the limited amount of information available for the assessment compared with the 
complexity of the spatial distributions of contamination across the site (Demougeot- 
Renard, 2004). It is important that the uncertainties and the basis for volume 
estimations (and any other assessments) are effectively communicated between the 
parties involved. A failure to do so may attract unwanted liabilities for the cost of 
remediation, as shown in the case of Urban Regeneration Agency (English 
Partnerships) v Mott Macdonald Group Ltd and Ors (1996, NJ 736). In this case the 
consultant had carried out an assessment of the volume of material to be treated at 
a development site using a risk-based approach to determine acceptable levels of 
contamination. The actual remediation contract had been let on the basis of 
removing material deemed contaminated based on ICRCL trigger levels (a more 
cautious approach). In addition, the investigations carried out by the consultant 
were found to be inadequate and the extent of contamination was found to be much 
greater than anticipated. The consequence was that the consultant was found liable 
for £18.5 million of the additional costs of remediation. This case highlighted the 
importance of sufficient investigations to identify contamination on a site, but also 
the need for transparent communication of the process used in assessing 
contamination and estimating volumes for remediation.
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RP2.2.2 Decision Makers
It is the role of the consultant and contractor to balance the drive to reduce the 
volume of material to be treated to save costs for the developer, whilst still meeting 
environmental standards set out by the regulator.
During the remediation phase of a development project on land affected by 
contamination a number of decision makers are involved: the contractor, the 
developer or client, regulator and consultant to name the most prominent. Other 
stakeholders that could have an influence on the decisions, but not the responsibility 
to make them would include: adjacent and future land users and financial institutions 
/ investors funding the works. The funding for the remediation may come from the 
Local Authority in the case of certain statutory remediation notices issued under Part 
IIA (Defra, 2006). This research is focussed on voluntary remediation carried out 
through development projects and governed under the planning regime.
Figure RP2.1 below illustrates the key decision makers that have been selected as 
the most significant at this stage of the development process (based on 
stakeholders listed in CIRIA, 2001). The figure shows the factors that influence 
decisions on remediation of contaminated land. These decisions include the 
selection of remediation technology to be applied, the estimation of volumes of soil 
to be treated, the agreement of site specific remediation targets and validation of the 
remediation after treatment has been completed.
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Figure RP2.1 Influences on key decision makers
The developer of a site will be the land owners during the development process and 
the employer of the consultant and remediation contractor. This research is 
focussed on house builders specifically; however the interactions between decision 
makers described here could apply to any Brownfield development project. The 
developer will set out terms and conditions in the contract to pass on the commercial 
risk associated with unknowns in the project to the consultant and contractor. The 
main motivation of the developer is to quickly and efficiently develop a site for 
resale, hence the developer wants to know how long the work will take and how 
much it will cost. This strong commercial drive is constrained by the conditions 
imposed under the planning regime, whereby the developer has a responsibility to 
satisfy the planning authority that the development is suitable for its proposed use.
The remediation contractor will be employed by the developer, either directly or in 
some cases via the main contractor used for the construction of the development. 
The contractor will be employed to carry out the remediation of the site to meet the 
planning requirements. The method of remediation selected may be under the
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control of the contractor, based on their own designator a remediation strategy, or 
recommended by the consultant as part of their design. This will be based on the 
information and recommendations put forward by the consultant. The contractor will 
have taken on some commercial risk in agreeing to the work, the level of risk will 
depend on the terms of the contract. For example, it may be the case that the 
contractor is bound to complete the work for a fixed price, which would mean that 
the contractor is deemed to have sufficiently assessed the site information to 
estimate the extent and severity of contamination and price accordingly. Any 
unexpected contamination may fall to the contractor to deal with at no extra cost to 
the client / developer. The contractor will also be deemed to have the appropriate 
permits in place to carry out remediation and satisfy the regulators.
The regulators for remediation of contaminated land are the Environment Agency 
and the Local Authority (depending on the site specific situation) (ODPM, 2004). 
There are also other interested parties that may need to be consulted prior to 
commencement of work on site, for example English Heritage or local utility 
companies that have assets affected by the works. The regulator’s role will be to 
ensure that the remediation targets set for the site are acceptable and met during 
the remediation process. In addition, the Environment Agency will be involved in the 
issue of permits required to carry out work on site, including the Environmental 
Permit required for remediation activities.
The timing of the involvement of these parties will vary between projects however 
with so many decision makers and complex interactions and motivations early 
discussion of the project specific issues will support a successful remediation 
project.
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RP2.3 Study Aims and Objectives
RP2.3.1 Aims and Objectives
The assessment of soil volumes can be influenced by one or several aspects of the 
process, from the initial gathering of site data through to the selection of remediation 
technologies. Some of the key issues are:
Site investigation: sampling strategies, frequency and location of sampling 
within budgetary constraints. There is published guidance how best to 
approach the site investigation of land affected by contamination (DoE, 
1994) and significant research being carried out into the optimisation of 
sampling strategies by Ramsey (1998).
Data analysis: method of interpolation applied to the results to estimate 
the distribution of contamination across the site. Calculation of associated 
uncertainties with the interpolation. Appropriate methods of interpolation 
between sample points given the physiochemical properties of the 
contaminant under consideration.
Remediation strategy: selection of appropriate remediation method to deal 
with the contamination, including contingencies for undiscovered 
contamination.
The detailed design of the remediation strategy may include some 
recommendations from the consultant on the appropriate remediation method for the 
site. However, it is likely that the detailed strategy will include significant input from 
a remediation contractor. The remediation technology selected will impact on the 
accuracy required for assessing the extent of remediation on the site. At the 
construction stage the remediation type and strategy would already have been 
decided, and so there is little influence at this stage on minimising volumes of 
material, other than quality control in implementing the remediation plan. The 
methods used in designing the remediation strategy offer greater scope for refining 
volumes of material to be treated. This research project focuses on the data 
analysis phase of designing a remediation strategy.
The aim of this research was to investigate the use of volume estimation techniques 
in remediation design for contaminated land. To achieve this aim a number of 
objectives were set.
1. Establish and compare simplified volume estimation approaches that were 
easy to understand and appropriate for the contamination of concern and 
the detail of available data.
2. Apply the methods to a test site to compare the volumes of contaminated 
material to those estimated by a consultant and contractor. These were 
then to be compared to the actual volume of remediated material to 
assess the effectiveness of the methods.
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3. Investigate the differences in the developed methods and those used in 
practice.
This research was focused on ex-situ remediation techniques, where volume 
estimation is required for costing excavation and treatment. However, the 
assessment of the spatial distribution of contaminants could be applied in the design 
of some in-situ techniques as well.
To meet the main aim of this study three volume estimation techniques have been 
compared. The three methods are as follows.
1. Area of Influence: This method is based on the assumption that each data 
point is representative of the area surrounding it, extending to the 
midpoint between it and the next available data point. This method does 
not consider any spatial relationships between adjacent data points.
2. Proportional Method: In this method descriptive data from borehole logs is 
combined with test results to calculate the proportion of each stratum that 
is likely to be contaminated.
3. Kriging: This method uses the Kriging interpolation method to create an 
even grid of data points across the site using the test results available. 
This even grid can then be used to generate contours of the 
contamination distribution across the site. The method is based on an 
assumed spatial relationship between data points, i.e. points closer 
together are likely to be more similar.
These methods were selected to represent a range of underlying assumptions about 
the relationship of contamination levels at test points across a site. Area of 
influence makes no supposition about the relationship between points by taking the 
midpoint between sampling as a limit of applicability of a data point, where as 
Kriging assumes a spatial relationship between data points. The proportional 
method was included as an example of relating the test data to the strata 
encountered based on the presumption that contaminants can be associated with 
material types. The selection of methods used in this project was confirmed as 
appropriate through discussion with a group of experienced contaminated land 
assessors.
RP2.3.2 Portfolio Context
The present study interacts with the work carried out in other research projects in 
this portfolio. Specific links to other projects are discussed below.
Research Project 1 (RP1) Expert Study: The expert survey was concerned with 
expertise in the assessment of risk from contamination that precedes the design of 
remedial actions and volume estimation. The findings of RP1 support the literature 
(described in TD3) and are influential in the present study. Experts have been 
shown to use limited data in decision making, be able to recognise patterns in the 
information presented and be able to simplify the decision scenarios to key cues that
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influence their decisions. In the specific decision example of volume estimation the 
interpolation of data points for the site is key however uncertainty due to data gaps 
needs to be assessed. The use of simplified methods to assess data reflects the 
findings of RP1.
Research Project 3 (RP3) GR:ASS Method: Both Research Project 3 and RP2 
(Volume Estimation Techniques) are reflective of the needs of the decision maker to 
deal with uncertainty and limited information. The GR:ASS method is an Excel- 
based too for combining qualitative and quantitative data in the assessment of the 
severity and extent of contamination on a site. The method includes an estimation 
of contaminated volumes of material. The present study was the precursor to the 
development of the GR:ASS Method that also offers an alternative for volume 
estimation, the present study is less extensive than the GR:ASS Method which 
includes a range of qualitative data in the process.
Research Project 4 (RP4) Developers Guides: This project was concerned with the 
development of guidance documents of housing developers. One aspect that was 
important to the developer’s guides was the use of a transparent decision method. 
The present study of volume estimation techniques has a similar requirement to 
ensure that uncertainties in the assessment are captured along with any judgements 
made by the assessor.
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RP2.4 Method
The methods of volume estimation that have been addressed are; area of influence, 
proportional method, interpolation by Kriging. The initial comparison of these 
techniques has been presented at the Brownfields IV a copy of which has been 
included in the Supporting Document RP2.1. The reader is directed to this paper for 
further explanations of the methods assessed. The following sections include a 
summary of these methods and discussion of the relevance to the overall research.
RP2.4.1 Area of influence
This method offers a simple tool to assess the volumes of material. It is based on 
the concept that a sample point is representative of the material surrounding it, 
extending to the next closest information. The final output of this process is an area 
applied to each data point across the site with observed concentrations from sample 
test data applied to each area. The volume calculation is a multiplication of the area 
of influence for each data point by the depth of influence, which may be by strata or 
another depth parameter selected by the assessor. Figure RP2.2 below shows how 
this method has been applied to a real site data using a computer aided design 
package, AutoCAD (AutoDesk, 2007) to plot the areas of influence.
Key
Area of Influence
Data Point for 
which area applies♦  TP23
Figure RP2.2 Area of influence method applied to site data
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The method is similar to Thieissen Polygons (also known as Voronoi Networks), 
which are based on Delauny triangulation. Delauny triangulation is a unique 
triangulation of the data that links each data point to its nearest neighbours to form a 
triangular network across the site which maximises the number of triangles and 
ensures the edge distances are minimised (Boots, 1987). For Delauny triangulation 
to be satisfied the circumcircle around each triangle must not enclose any other 
connecting points between triangles; from this network the centres of the 
circumcircles of the Delauny triangles may be joined to form the Thieissen Polygons 
(de Smith et al, 2009). To carry out this process a spatial interpolation computer 
package would be required to generate the mesh. The above ‘Area of Influence’ 
method is based on a simple manual alternative that can be applied using AutoCAD. 
The limitations of this are that the manual method described above will not produce 
a unique solution and may lead to areas with inverted corners around data points.
RP2.4.2 Proportional Method
By estimating the percentage of each stratum that is contaminated, based on 
borehole data, and applying that percent contaminated to the total volume of each 
stratum across the whole site, a general value can be gained for the volume of 
contaminated soil to be treated. Figure RP2.3 below shows the allocation of 
contamination ratings to the borehole logs available.
Strata Dept 
(mbgl) Legenc(m AOD)
Material 1
Material 2
Stratum Description
Concrete (MACE GROUND)
Dark brown stighty gravelly sand. Grave! is subangu'arto subrcunded 
cf concrete and brick. Ash present (BRICK MADE GROUND)
Dark brown stghtly gravelly sand. Gravel is subangularto subrcunded 
cf concrete and brick. Ash present With soft brown clay lenses (MADE 
GROUND)
Brown sandy subangularto subrounded fine to coarse GRAVEL (TERRACE 
GRAVELS)
Bcrehaie Cemp'ete at 2.70 m
Detail
Groundwater (mbglj 
Str.ke
untested
Figure RP2.3 Proportional method applied to example borehole log
The calculation of percent contaminated for each material used Equation RP2.1 
below.
ContamM =  100 x ^ Ltest*  ^ L,nterp Equation RP2.1
2^ 1 M
Where:
I L m = total recorded length for a material;
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I U e s t  = total contaminated length for that material based on test data;
ZL interr = total contaminated length for that material based on interpreted data (e.g 
based on description);
ContamM = percent contaminated 
RP2.4.3 Interpolation by Kriging
Kriging is the generic name given to a geostatistical method used to interpolate 
between correlated spatial data and is based on a series of generalized least- 
squares regression algorithms (Goovaerts, 1999). The process essentially predicts 
data values across an area of interest to best fit a model of the variance of the data. 
Geostatistics is based on the fundamental assumption that data points that are 
geographically closer together are more similar than data points that are 
geographically far apart. Kriging is described in more detail in TD5. The software 
used for this method is Surfer v8.0 (Golden Software, 2002). Figure RP2.4 below 
shows the method applied to site data.
W
520
Strata thickness within 
contaminated area
Figure RP2.4 Interpolation by Kriging applied to site data
The above application of Kriging is based on automatically generated semi- 
variograms that define the variation in the contaminant or strata thickness across the 
site. This may be further refined with additional knowledge of the likely variation in 
data. For example Cartlon et al. (2001) manipulated the semi-variogram used to 
interpolate contaminant distributions across a site-based on two features of the data. 
Firstly the data set showed a log-normal distribution, and secondly the data showed 
directional dependency in its variation (i.e. the contamination was known to have 
spread northwards, as opposed to equal spread in all directions). These types of 
known features in the data can be used to optimise the semi-variogram used in the 
Kriging process. The application of Kriging and potential variations are discussed in 
more detail in TD5.
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RP2.5 Case Study Application
The site used for the case study is in the UK and the location for a proposed 
housing development. The site was selected based on the availability of a
complete set of data from initial site investigation, remediation design and actual site 
remediated volumes, making it ideal for the comparison of the volume estimation 
methods. Data was also available from a relatively extensive site investigation data 
and included material descriptions and chemical test data. The limitation of the site 
was that the contaminants that formed the basis of remediation volumes estimated 
by consultant and contractor were generally more mobile contaminants. As such 
there was not scope for comparison of the methods for less mobile contaminants 
where assumptions of spatial dependency are less appropriate. Whilst some heavy 
metal contamination was present on site the remediation strategy meant that volume 
estimation focussed on the mobile contaminants. The strategy involved two main 
approaches to soil contamination. Firstly treating the worst affected soils that posed 
a threat to groundwater and surrounding receptors through ex-situ remediation. 
Secondly the site was capped to remove the pathway of any remaining 
contaminants to future site users. Despite this limitation, the data that was available 
for the site meant a complete comparison from early volume estimation to final 
remediated volumes was possible.
The previous land uses on the site include a former gasworks (in operation from the 
late 1800s to 1970 when it was closed). Since 1970 the southern portion of the site 
has remained unoccupied and northern part has been used as car parking and 
warehouses. The southern half of the site was to be developed first in Phase 1, with 
the northern part to be considered at a later date. Site Investigation (SI) data had 
been collected from a series of investigations; the most recent (59 points within 
Phase 1) was used for the assessment of contamination, with historical SI 
information used only for assessing stratigraphy. The site stratigraphy was 
generally made ground (of various types) underlain by occasional alluvial deposits 
(sandy clay / silt across part of site) and flood plain gravels and sands. Figure 
RP2.5 below shows the general site layout and SI locations and the location of the 
gasworks structures.
A series of assumptions were made in the application of data to the case site 
including:
The acceptable limits for contamination provided where appropriate for 
the site.
Site investigation data available included boreholes / trial pits / window 
sample logs and soil samples tested for contaminants of concern.
A competent contaminated land professional carried out the assessment 
of volumes from the consultant and contractor and that the contractor / 
consultant / regulatory agency were representative of their roles.
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Figure RP2.5 Plan of remediation case site.
The following table includes the contaminants of concern for ex-situ remediation and 
volume estimation. The remediation targets provided have also been listed (these 
had been agreed with the Local Authority granting planning permission for the site). 
In addition to these contaminants elevated arsenic (site report noted US95 for 
arsenic to be above the generic SGV) was also found on the site, however the risk 
from this contamination was addressed through capping and so no volumes were 
calculated on the basis of this contaminant.
Contaminant Remediation Target (mg/kg)
Ammonium 100
Benzene 8
Naphthalene 23
Bezo(a)pyrene 55
Table RP2.1 Contaminants of concern for case site
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The remediation solution chosen for the site included a combined approach where 
the most contaminated materials were excavated for treatment ex-situ or disposal 
where contamination was too severe for remedial treatment. The site was then 
capped prior to development to eliminate the pathways (e.g. direct contact / 
ingestion) to future users of the site. Shallow groundwater was treated and gas 
protection measures included in the construction of the residential buildings to 
address fluid contamination.
Each of the volume estimation methods were applied to the site and compared with 
the volumes estimated by the consultant and contractor and finally against the 
actual excavated material. The following figure shows the different estimations of 
the extent of contamination from the area of influence, Kriging and the areas of 
contamination that were actually excavated on site. More detail on the comparison 
can be found in Supporting Document RP2.1.
The area of influence method was completed using data that was classified as 
contaminated based on the acceptable contamination levels only, and then with the 
inclusion of material classed as contaminated based on other descriptive data used 
in the proportional method.
The estimated volumes were calculated for all methods and compared to the 
estimations of the consultant and contractor. This was then compared to the actual 
volume of remediated soil. Table RP2.2 below summarises the calculated volumes 
using the estimation methods.
Contaminated areas identified by Kriging Contaminated areas identified by Area of
Influence method
Contaminated areas excavated
Figure RP2.6 Extent of contamination compared
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Total Volume 
(m3)
Remediation Contractor 
(excavation volume) 2,511
Remediation Contractor 
(contaminated volume for treatment) 1,393
Consultant 2,030
Kriging 7,420
Area of Influence 
(‘contaminated’ based on test data only) 1,784
Area of Influence 
(including interpreted classifications) 2,938
Proportional Method 4,302
Actual volume excavated on site calculated on 
completion of remediation 1,073
Table RP2.2 Calculated volumes of contaminated soil
The process of excavation involved targeting areas of concern identified in the site 
investigation. Trial excavations were completed in these areas. Validation testing of 
samples taken at the edge and base of the pit was then carried out. If the results 
from validation tests showed the contamination to be within acceptable remediation 
target levels, excavation would stop, however if they exceeded the remediation 
targets then the excavation would be extended and the validation process 
continued.
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RP2.6 Discussion
The discussion that follows includes an assessment of the application of each 
method and comments on some general issues related to volume estimation of 
soils.
Area of Influence
The application of the area of influence method required little specialist judgement 
when using just test data to classify material as contaminated. The methodology 
described permits the user to complete a volume calculation using a spatial plot of 
data and can be carried out with the use of readily available software. The method 
may be used to highlight where more information is required as it incorporates a 
simple visual plot of the information in a format that can be integrated with other 
technical drawings of the site. If there is a large area of influence attributed to a 
borehole, for example, it may suggest the need for further investigation in that area. 
The expected hot spot size can be compared to the areas of influence to indicate 
whether the investigation cover is sufficient (DoE, 1994).
This method is straightforward, doesn’t require any complex interpolation and 
therefore requires little expert knowledge to apply. For immobile contaminants this 
method makes best use of the data available as there is no requirement to 
inappropriately assume spatial dependency of the distribution of the contaminant. 
However there are limitations to the method. The more data points available the 
more appropriate the allocation of the area of influence, however there will inevitably 
be some areas of the site that do not have sufficient coverage. In these areas the 
contamination volumes may be significantly under or over estimated, depending on 
the test results available. The advantage of the plot is that it offers a simple 
visualisation of areas where more data is required. The method does not 
incorporate any underlying spatial dependency, or direction of flow of mobile 
contaminants.
With respect to estimated volumes, this method comes closest to those estimated 
by other interested parties (consultant and contractor) and the volume of material 
that was finally excavated on site. The interesting point to this is that the method 
does not rely on any spatial dependency of the data points, however the 
contaminants of concern may be considered mobile in the soil environment, and as 
such have spatial dependency of the data points available. The affected thickness 
of material can be made assessed in a more or less complex process by the 
inclusion of interpreted data.
Proportional Method
This method was useful for gaining a general overview of the volume of 
contaminated soil on a site that may require treatment. However, the application of 
this method required much greater expert judgement than either of the others. 
When considering SI logs the assessor must understand the descriptions and be
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able to filter the key features that can be used to match materials likely to be of a 
similar nature. For contamination assessment the challenge comes in describing 
made ground and identifying its origin. The problem is the inherent variability of 
made ground; at the case site seven different types were identified based on 
contamination test data, material descriptions and colour. Historical maps can be 
used determine the timing of the placement of the material with respect to site 
activities, aiding in the classification. As it is impossible to test the whole stratum, 
the descriptions and history of the material become more important as an indication 
as to the likelihood of contamination.
It may be difficult to distinguish whether the source of contamination is from within 
or outside of the site. This will require some investigation into historical maps for the 
site to determine the timing of the placement of the made ground with respect to site 
activities and its potential source. It is necessary to apply these kinds of judgements 
where limited budgets restrict the sampling and testing of soil.
The main disadvantage of this method is that it does not identify where the 
contamination is located, only an approximate of how much to expect. As such it is 
really only useful for early design stages and best used in conjunction with some 
form of plot of test locations. However the use of qualitative information and 
judgement of the likelihood of contamination does reflect more closely the process 
used by consultants and contractors in this case.
Kriging
This method assumed a spatial relationship where one may not always exist, for 
example ashy patches were found on the case study sites that are isolated hotspots 
of contamination. This is a key drawback for less mobile contaminants in made 
ground where the distribution is much more random. However, the method used 
interpretation that included all of the available data to predict the location of 
contamination. Without modification of the Kriging itself, contamination hotspots can 
become smeared across the site extending the area that they affect and over 
estimating volumes. In addition to this smearing effect the contamination distribution 
has been applied to the total thickness of each stratum rather than identifying the 
thickness of affected material. This also exaggerates the volumes of material that 
required excavation and may explain the overestimation shown in the case study. 
Despite the apparent applicability of spatial statistics for the more mobile 
contaminants the method did not give a good result in this case. This may be due to 
the specific type of Kriging applied and the semi-variogram assumed. The Kriging 
method may be improved through more detailed analysis of thicknesses of material 
and better modelling of the spatial relationships of contaminants, where possible.
Table RP2.3 below summarises the key features of each method.
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Feature Area of Influence Proportional Method Kriging
Software
requirements
AutoCAD -  can be 
done by hand but time 
consuming.
Excel / hand 
calculations 
Surfer or similar for 
strata 3D ground 
model and volume 
calculations.
Surfer or similar.
Assumptions
No spatial relationship 
between data points 
(sample tests data 
and strata thickness).
Descriptions of 
material can be used 
as indicators for 
contamination levels. 
Possible to identify 
strata related 
contamination.
Spatial relationship 
exists between data 
points modelled by 
the semi-variogram.
Ease of use
Straightforward, 
efficient method, time 
is saved if the 
assessor has some 
competence in CAD.
Requires some level 
of expert judgement to 
classify materials by 
description. User 
needs some 
competence to 
produce 3D ground 
model.
Requires competence 
in the use of spatial 
interpolation software 
such as Surfer, and 
the production of the 
3D ground model.
Advantages
Fast, straightforward, 
no specialist 
knowledge required 
and calculations are 
explicit without hidden 
judgements.
For a geotechnical 
specialist 
interpretation of SI 
logs is a 
straightforward 
process.
Uses of all data in the 
interpretation of 
contamination 
distribution. Possible 
to incorporate a 
known spatial 
distribution model 
where appropriate.
Limitations
For areas of sparse 
data the method will 
tend to over / under 
estimate extent of 
contamination.
Location of the 
contaminated material 
is not shown 
graphically.
Not all contaminants 
will have an 
underlying spatial 
relationship.
Table RP2.3 Key features of simplified volume estimation methods
The key differences in the volumes estimated can be attributed mostly to the 
treatment of depth in the calculation process. The above methods were based on 
stratigraphy, relating contamination to a type of material. The estimations from the 
other interested parties were based on depth of contamination and not using 
material type as a marker.
In terms of the actual site volumes estimated in the design and remediation and the 
volume that was finally remediated, a few key points should be considered. The 
feedback from the consultants on the methods applied to the site included 
recognition that the Area of Influence method most closely represented the methods
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generally applied in conjunction with other knowledge about the site and 
contaminants of concern. It was also noted that Kriging may be used for some sites 
internally to appreciate the general trends of contamination, but that the graphical 
results would tend not to be reported due to concerns about false sense of certainty 
given by the contours produced. The volume estimated by the consultant included a 
caveat that volumes may increase by up to 100%. The consultant’s estimation was 
judgement-based, using both the information available (SI data, history, material 
descriptions) and experience of the type of contaminants of concern. The volume 
estimated by the remediation contractor was similarly based on judgement, however 
also included an element of contingency that directly reflects the commercial risks of 
miscalculation. This contingency is related to the uncertainty associated with limited 
data and experience of similar sites and contamination scenarios.
An additional factor that needs to be considered is the type of contract and 
commercial motivations in estimating remediation volumes. As noted previously the 
form of contract may vary from site to site and the associated risk to each party will 
be defined. For example, the contractor may be operating under a fixed price 
contract, in which case they could be taking on the commercial risk of dealing with 
any additional contamination found on site that was not included in the original 
estimates. The consultant may also be wary of underestimating volumes in light of 
cases such as the case of Urban Regeneration Agency (English Partnerships) v 
Mott Macdonald Group Ltd and Ors (1996, NJ 736), where the consultant was found 
liable for part of the additional remediation costs due to site variations in remediated 
volumes. The commercial risks associated with volume estimations will inevitably 
have some influence on the assessments made.
There are a number of points to note that apply to all of the simplified volume 
estimation methods outlined above:
The boundaries of the site need careful consideration as the amount of 
data available often diminishes at the boundaries. There is also the 
problem that data outside of the boundary is rarely available and so 
extrapolation of the areas is required to meet the boundary line.
Practical treatment areas would need to be overlain to the area of 
influence and Kriging methods to be able to better assess the actual 
volume to be treated. With the proportional method these areas are not 
identified. A disadvantage of both the Kriging and areas of influence 
methods is that contaminated areas identified are unlikely to offer a 
practical remediation plan of the site. In the case of the proportional 
method it is not possible to identify the areas of the site that require 
remediation as there is no spatial plot accompanying the method.
- If a contaminated stratum is overlain by clean stratum the clean stratum 
may also need to be excavated to access the contaminated material 
(depending on the contamination type and the remediation method used). 
This additional material may be segregated and treated separately to
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avoid remediating uncontaminated material unnecessarily, but will still 
need to be included in the costing of the remediation works. This is not 
included in the area of influence, Kriging of the alluvium strata or percent 
contaminated methods.
- In addition the practical issue of ‘overdig’ has not been incorporated in the 
calculation. During excavation works on site the practical difficulties of 
excavating to the exact base of a strata is accounted for by allowing an 
additional depth of excavation. This additional volume would also need to 
be calculated.
In general it is true to say that the more data points available the better, 
however there will inevitably be some areas of the site that do not have 
sufficient coverage. This may be due to physical restrictions to access 
during the site investigation. The resulting volume calculation is more 
likely to under or over estimate the contaminated soil volume where data 
is limited (depending on the results that are available). The methods 
presented here tended on the side of overestimation reflecting the 
uncertainty. The proportional method can be used to directly measure the 
percentage of logged data that is unknown in terms of contamination. The 
considerations here are more related to dealing with limited data rather 
than improving SI design. The issue of uncertainty in SI design on land 
affected by contamination is discussed in the work of Ramsey and 
Argyraki (1997).
The general theme of the EngD has been the investigation of decision making 
methods used by experienced and novice decision makers in contaminated land. 
The comparison of these methods to the estimations of experienced consultant and 
contractor has shown that judgement and interpretation of wider site information 
plays an important role in the assessment process. It has also shown that the 
inclusion of judgement is advantageous in these assessments. The difficulty faced 
by industry professionals is the demonstration of the assessment processes used 
for communication between the parties involved (consultant, contractor and 
regulator). The consultant’s assessment included a caveat of a possible increase of 
up to 100% on the estimation supplied. This is reflective of the protection of liability 
of the consultant who would not wish to take on the risk of calculating accurate 
contamination volumes for remediation as they do not have control over the 
remediation process used or the actual volumes excavated. The contractor is better 
placed to make such detailed estimations as they have the control to manage them. 
Risk should reside with the party best placed to manage it. The use of methods 
shown here, specifically the area of influence, may help with communication of the 
basis for volume estimations as the basis is clear and the output quality reflective of 
the certainty of the assessment. Any large areas identified on the Area of Influence 
plot are clearly the least certain, and additional testing or assessment can then be 
allocated to those areas. In general the tool can help with better estimation of costs 
and planning of on-site testing or remediation activities.
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RP2.7 Conclusion
This study has compared three methods of volume estimation for a former gasworks 
site. All of the methods used gave a crude estimation of contaminated volumes of 
material with varying degrees of validity of the underlying assumptions. The method 
that stands out as being the most useful was the area of influence method. 
Although a simplification of the situation, it does offer an explicit calculation of 
contaminated volumes without hidden judgements. The graphical presentation of 
the contamination is also particularly useful for highlighting areas of uncertainty. In 
the case site it was seen that the simplicity of the approach did not compromise its 
ability to effectively predict volumes of contaminated soil. The main benefit of this 
method is that it is an explicit representation of the data and as such may aid 
planning and costing of remediation activities. An improvement can be made by 
incorporating more of the judgement aspects of the proportional method. By 
allowing additional information relating to the description of the materials and the 
CSM to influence the areas and depths applied, the assessor can make better use 
of their experience without compromising on explicit calculations that include 
justification of assumptions and judgements made. The inclusion of more 
qualitative data has been implemented in the GRiASS Method described in RP2.
In a commercial context time and cost pressures mean that problems are simplified 
by necessity. In the case site it was seen that simplifications relating to distribution 
of contamination made in the area of influence method may be good enough for 
estimation purposes, even for mobile contaminants. The issue is how to best deal 
with the associated uncertainty. With an understanding of the chemical behaviour of 
the contaminants of concern to select the most appropriate estimation technique, 
and a practical application to the remediation strategy implemented on site, these 
methods can help to give structure to the assessment process.
The comparison of methods to the case site demonstrated that the judgement of 
experienced assessors provided the best estimation of contaminated volumes. This 
finding indicates that the practitioners are using more than the available chemical 
test data to interpret the extent of contamination on the site and may be linked with 
those from the expert study described in RP1 whereby an understanding of the 
whole site context was shown to be important to assessors. Further investigation 
would be needed to explore how the experienced assessor is interpreting the data. 
Whilst understanding of the decision process would require further investigation, 
there is still a more general need for communication and recording of assessments 
made. The additional use of more explicit methods for volume calculation would 
allow better communication of the unknowns and add clarity to the calculation of soil 
volumes. The findings of this study suggest that the method itself does not need to 
be complex to effectively illustrate the distribution of contamination on a site.
RP2.7.2 Contributions to Knowledge
The study demonstrates the use of simplified methods of volume estimation for soil 
remediation. An alternative to statistical interpolation for volume estimation of
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contaminated land has been presented. The methods, specifically the area of 
influence, provide a simple basis for volume estimation that fitted the case site well. 
The graphical output offered a clear representation of how the data has been used 
and the level of detail of the areas shown also appropriately represents the amount 
of data available, i.e. does not present a false impression of accuracy. The method 
also offers flexibility in the application of qualitative and quantitative data from site 
investigations. Finally, the method may also help communication of assessments 
between industry practitioners.
The study has also highlighted the importance of judgement in the assessment of 
the extent of contamination that was used by both consultant and contractor in 
conjunction with numerical techniques.
RP2.7.1 Further Research
A secondary use for these methods would be in the assessment of waste soil for 
disposal. In certain development projects there will be a volume of material that 
needs to be excavated for the works but has no useful purpose on site. As such the 
material is classified as waste and requires disposal. As the cost of disposal 
increases and the available landfill decreases, there is a drive to delineate the waste 
material to separate the most hazardous (and expensive) waste. The drive to 
reduce volumes is the same for hazardous waste as it is for remediation design; the 
difference lies in the assessment criteria. Further work could be carried out to apply 
these techniques for waste estimations.
The methods were applied to a single case site where the full range of volume 
estimations from consultant, contractor and final actual remediated volumes were 
available. To test the methods further a broader spectrum of sites with different 
types of contaminants of concern could be used. Application by a remediation 
contractor for a range of sites would provide extended testing of the methods.
Additional comparison of the simplified methods to other available tools may help to 
verify the use of the simplified methods presented. For example, the use of a more 
developed site specific semi-variogram used with Kriging, and calculated Thiessen 
polygons compared with the simplified manual area of influence method used in this 
study.
Further investigation into the methods used by industry practitioners may aid 
understanding of the decision processes used and the application of judgment. In 
RP1 the investigations highlighted some of the key information that was important to 
the experts when assessing risk, a further study would be to investigate how this 
translates to volume estimation and more specific assessment of the extent of 
contaminants. Also consideration should be given to whether the understanding of 
the site context is as important for detailed soil volume calculations as a more 
general risk assessment.
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RP3.1 Introduction
The Grid Assessment (GRASS1) Method for land affected by contamination has developed 
throughout the course of the EngD project. Initially the tool was an alternate approach to 
volume estimation to be included in the research described in RP2. However, as the 
method developed it became clear that to sufficiently include qualitative data in the 
assessment a more extensive model would be required. The GR:ASS Method has been 
developed in prototype form as a Microsoft Excel-based decision support tool designed to 
primarily support novice users in assessing land contamination. The method brings 
together a variety of available site data to assess the distribution of contamination across a 
site. The varying quality and reliability of the data is reflected in the assessment process. 
The tool uses both qualitative and quantitative data to identify possible pollutants and areas 
with elevated contamination levels. The combination and interpretation of this information 
will enable an assessor to estimate the volume of soil affected by contamination that 
requires treatment and identify areas of site where more information is needed. In 
remediation design, a proportion of the costs are set aside as part of the contingency to 
deal with unforeseen contamination based on an understanding of the uncertainty in the 
assessment. Appropriate evaluation of contingency is vital in costing or tendering for the 
remediation contracts as errors can lead to large losses for remediation contractors or extra 
costs for the land owners.
The needs of novice decision makers are described in TD3 and explored in other Research 
Projects, specifically RP1 (Expert Study) and RP4 (Developers Guides). The GR:ASS 
Method aims to support novices by providing a prescriptive structure to the combination of 
site data. The tool also includes linking of data types and weighting information, both of 
which were found to be features of experienced decision makers approach to site 
assessment in RP1. The tool itself has been developed as a prototype using VBA in MS 
Excel to test the concepts developed. Further testing and development would be required 
before commercial application; this may also involve reprogramming using an alternate 
platform.
The following section describes the decision context and associated technical issues in 
more detail. The decision makers involved in the assessment of risk from land affected by 
contamination and remediation activities are also considered. The aims and objectives of 
the study are described in Section RP3.3. The GR:ASS Method itself is described in more 
detail in Section RP3.4 including a process flow diagram for the method and the basis for 
calculations. A demonstration site is used to illustrate the inputs and outputs from the tool. 
The testing of the tool is described in RP3.5 including the application to site data for 
comparison with the results from the volume estimation study described in RP2 and 
discussion of the feedback from a novice user. Finally the findings from the project are 
discussed and the contributions to knowledge described in detail.
1 The name GRA:SS Method has been used throughout this research project. Other similar named, but 
different programs are available including the Geographic Resources Analysis Support System (referred to as 
GRASS GIS) which is an open source GIS programme. If developed commercially it may be beneficial to 
review the title of the G RASS Method.
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RP3.2 Background to Study
The aspect of the assessment of land affected by contamination that is addressed in this 
research project is the calculation of the extent of contamination on a site and the certainty 
with which that assessment is made. The extent of contamination is used to estimate the 
volume of material that would require remedial treatment. As with all of the Research 
Projects in this portfolio there are technical challenges associated with the decision context, 
as well as consideration of the human decision making process involved. The key 
technical issues described below are; the fate and transport of contamination, volume 
estimation methods for soils, combination of qualitative and quantitative data and the 
assessment of certainty. The decision makers involved in the assessment of land affected 
by contamination are then considered along with the influences on their decisions 
(RP3.3.3). The expertise of decision makers is discussed in the expert study in RP1, and 
novice and expert decision makers are directly compared using decision support tools in 
RP3. Both of these research reports, and the literature noted in TD3, suggest that the 
approaches used by novices and experts are different; these differences are discussed 
below and identify the needs of the novice decision maker.
RP3.2.1 Decision Context
Technical Digests TD1 and TD2 include a review of the legislation and guidance that 
applies to Brownfield development and contaminated land in the UK2. The definition of 
contaminated land is included in Part IIA of the Environmental Protection Act (1990) 
(hereafter referred to as Part IIA) (Defra, 2006a). This and the planning regime (ODPM, 
2004) are the key drivers for assessment of land contamination. Relatively few sites are 
being remediated through remediation notices issued under site Part IIA as the majority of 
remediation is carried out through development under planning regulations (Defra, 2006b). 
The preference for development-driven remediation over enforced remediation may be 
associated with the funding for remediation activities. In addition the use of planning as a 
mechanism for dealing with land affected by contamination is promoted in planning 
guidance; “Opportunities should be taken wherever possible to use the development 
process to assist and encourage the remediation of land already affected by contamination” 
(ODPM, 2004). In a development project the cost can be offset by the financial gains that 
can be made from the new development. The more general concerns relating to 
development projects are included in the checklists developed for RP3.
In cost estimation for remediation contracts it is first necessary to gain an appreciation for 
the likely extent and severity of contamination on a site of interest. The assessment of the 
extent of contamination requires a spatial representation of the location and concentration 
of contamination across a site. From this the volume of material to be remediated can be 
estimated. There are a number of challenges associated with volume estimation including:
1. combining data types;
2There are some regional variations in legislation between countries within the UK. Hereafter legislation 
described refers to England specific legislation unless stated otherwise.
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2. appropriate spatial interpolation methods for immobile contaminants;
3. the explicit inclusion of judgement to cope with uncertainty; and
4. the measurement of that uncertainty.
Firstly, the information available for the assessment of land affected by contamination is 
varied in type and detail. For example there will be some information on the site history 
with maps and qualitative information that will suggest the general likelihood of 
contamination across the site. Site investigation data may also be available whereby the 
actual concentration of key contaminants will be known at discrete locations on the site. 
Combining qualitative and quantitative data is a challenge for decision support tools. TD3 
includes a review of some of the associated issues and methods used to overcome them. 
TD6 includes the assessment of specific decision support tools for the assessment of land 
affected by contamination. Reviews of decision support tools have been carried out in the 
USA (USEPA, 2005) and Europe (Bardos et al., 2001; EA, 2000). The US Environmental 
Protection Agency (USEPA) has collated a set of 20 tools and developed a screening 
method to select the most appropriate ones for use in the assessment and management of 
the assessment of land affected by contamination. The Bardos et al. (2001) review of 16 
European countries found that the most successful tools were those that were specific to a 
particular type of decision or stage in the process, for example site investigation design. Of 
the specific tools considered in TD6, there are some that address the distribution of 
contamination for volume estimation and site investigation design. However, tools that 
combined site history and other qualitative data to aid the assessment of soil volumes were 
not found. In terms of the interpolation of quantitative data, problems can arise with 
immobile contaminants where spatial dependency is limited.
The mobility of the contamination will vary depending on the particular form of contaminant 
present. An understanding of the fate and transport of contaminants in the soil environment 
is required to assess the extent and severity of contamination on a site. Several priority 
contaminants have been identified as being common and persistent in the environment. 
Recent statistics published by the EA show that by far the most common contaminants are 
metals and metalloids, followed by inorganic compounds and organic compounds, based 
on data for the sites identified by local authorities as being contaminated (EA, 2009a). TD4 
includes an overview of the factors affecting behaviour of contaminants in the ground. For 
example, hydrocarbon contamination can be encountered in a liquid form and as such be 
highly mobile. Other contaminants like heavy metals, such as lead, are often much less 
mobile and tend to adhere to the soil particles more readily. The ground conditions will also 
affect the mobility of contaminants; for example the soil may be permeable sands and 
gravels, or less permeable clays. The organic content and pH of the soil also have an 
effect, and so the prediction of the extent of contamination across a site involves an 
interpretation of factors affecting its site specific mobility.
In assessing the extent of contamination, site investigation data can be used. These points 
are isolated locations where the concentration of contamination is known. Where site 
investigation data is available, it is possible to interpolate between data points to estimate a
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distribution of the contaminant across the site. This can be used to calculate a volume of 
material affected by contamination. TD5 includes a review of volume estimation techniques, 
including statistical interpolation. Statistical interpolation includes Kriging which uses an 
existing spatial relationship between data points such that points that are spatially closer 
together are more similar than those that are far apart. In the case of less mobile 
contamination this basis is less valid. The spatial structure of contaminant distributions can 
be weakened by human effects and in these cases it is the extrinsic factors that need to be 
considered in predicting the extent of contamination (Liu et al., 2006). In the case of 
immobile contamination these extrinsic factors become more important and need to be 
included, e.g. qualitative data about the site uses. Alternative approaches to statistical 
interpolation for assessment of immobile contaminants may also be easier to understand 
and communicate. RP2 includes an assessment of three volume estimation techniques 
that are compared with the assessments made by experienced consultants and contractors 
and with actual remediated volumes for a gas works case site. The research described in 
RP2 suggests that whilst some simplified methods offer sound justification for estimated 
volumes, the addition of judgement in the methods used by experienced assessors 
produced a closer estimate to the actual remediated volumes. This suggests that numerical 
analysis of site investigation data on its own is not sufficient and that the inclusion of 
qualitative data is required. The difficulty found in RP2 was the explicit inclusion of this 
judgement and how it can be communicated to other parties involved and also novices.
In assessing the extent of contamination the certainty of both the data and the prediction 
method being used need to be considered. TD3.9 includes an overview of approaches for 
dealing with uncertainty in decision making. Approaches used to incorporate uncertainty in 
decision support tools include probabilistic, fuzzy and descriptive approaches. The 
inclusion of uncertainty assessment that is too detailed may inhibit the decision process and 
make the communication of uncertainty too complex (Wardekker and van der Sluijs, 2005). 
However, it is important that some uncertainty assessments are carried out and an open 
decision-making process is made where scientific assessments interface with the public 
domain such as in the assessment of land affected by contamination. More specifically, the 
calculation of remediation volumes will inform site works and ultimately the validation of the 
agreed remediation measures that must be approved by the regulatory or planning authority 
(depending on the driver for remediation).
In addition to the technical issues related to the data available and the assessment process, 
there are also associated issues with how data is used by the decision maker and the 
communication of that process. In the case where qualitative data is applied there is an 
element of judgement required to translate this information to an assessment of how likely it 
is that the land may be affected by contamination and how far that contamination may have 
spread. There is also an associated level of uncertainty with this type of judgement based 
on the quality of the data used. The communication of this uncertainty and the ability to use 
the information appropriately in the assessment is difficult to achieve. In addition to the 
process of applying judgement the experience of the decision maker also plays a part. The 
focus of this project is supporting the novice decision maker whose approach to decision 
making is notably different to that of an experienced assessor (as seen in RP1, RP4 and 
discussed in TD3). These differences are explored in more detail below.
R P 3 - 8
Engineering Doctorate: Regenerating the Brownfields
Research Project 3: Grid Assessment Method
RP3.2.2 Decision Makers
The main decision makers in the assessment of land affected by contamination are similar 
to those described in RP1: client (developer/site owner), consultant / assessor and the 
regulator. The additional party involved in the detailed assessment of the extent of 
contamination on a site for remediation is the remediation contractor. The role of a 
remediation contractor may vary between sites. In some cases the contractor will be 
responsible for the design of the remediation scheme as well as carrying out the process. 
In either event the costs associated with the remediation will need to be estimated and 
agreed prior to commencing work on site. The certainty in this stage of the assessment 
must be understood and clearly communicated to prevent conflict should the situation on 
site vary when compared to the estimation.
The following figure (Figure RP3.1) illustrates the interaction between the three main 
parties; consultant, contractor and regulator. The client will influence the contractor and 
consultant in so far as the client will employ them and dictate the budget available for 
investigations and assessment. However, the client will not be able to influence the 
technical assessment of the volume of contamination on a site. Although, they may have 
some influence over the preferred remediation option, which could impact on excavated 
volumes for example. TD7 includes a review of available remediation technologies.
In the following figure the inner ring lists the parties involved. The next ring moving 
outwards, lists the influences and drivers that affect those parties in the assessment of land 
contamination. The outermost ring denotes the legislative regime that will have ultimate 
influence over the assessment. Finally, outside of the circle, are the facts and information 
used in the assessment of land affected by contamination that should be made available to 
all parties.
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Figure RP3.1 Influencing factors on key decision makers
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Experts and Novices
The difference between experts and novices has been noted in other research projects 
within this portfolio, mostly RP1 and RP3, and is a common theme throughout the research. 
The approach to decision making will be influenced by both the context and the skills of the 
individual. TD3 includes a review of theories on expertise and RP1 has studied the 
decision processes of experts in the assessment of risk from land affected by 
contamination. These sections have shown the experienced practitioners have the ability to 
make decisions on limited information. The skills that have developed to allow this type of 
decision making include the ability to observe patterns and identify anomalies based on 
past experiences (Klein, 1999). The novice on the other hand is more likely to assess all of 
the information methodically, but without the benefits of experience, the meaning of 
information and the underlying relationships between data types which makes this a more 
laborious task. This can lead to an information overload for novices. A methodical 
approach to using and filtering information is required for this type of decision maker, which 
is supported by the findings in RP4 where the developer checklists were considered 
beneficial by the novice user for this reason. Another key difference is the focus of the 
novice on the solution as opposed to the experienced decision maker who will tend to focus 
on understanding the problem more and be less concerned with the solution. This does not 
mean that the solution is unimportant to the decision maker, rather the process of selecting 
a solution is relatively straightforward for the expert once the problem is fully understood. 
The differences in decision approaches are a result of the training and experience gained 
over time.
Judgement is essential in the assessment of risk from land affected by contamination and in 
dealing with the uncertainties that exist. For efficient judgements experience is required. 
However the industry is reportedly suffering from a skills shortage, as noted in RP1 (ACE 
and EP, 2008). There is a need for training and recruitment to boost the numbers of 
practitioners in the industry and ensure an appropriate quality of assessments is maintained 
and demand for the assessment of land affected by contamination.
The progression from novice to expert has been discussed in TD3, and the development 
process is described in terms of stages of development. The five levels of expertise in the 
Dreyfus model (as discussed in Eraut, 1994) are similar to stages of knowledge acquisition 
described by Anderson (1985) and are representative of cognitive psychologist’s view of the 
process. The Dreyfus Model includes the following stages:
1. Novice: following rules without situational perception or judgement
2. Advanced Beginner: situational perception is still limited, but decisions on action 
are based on broader attributes recognised from experience. No prioritisation is 
made of the attributes and aspects assessed.
3. Competent: more standardised procedures are applied, long-term goals are 
considered and there is a better ability to deal with larger volumes of information.
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4. Proficient: a holistic view of the decision situation is applied rather than equally 
weighted attributes and aspects, and prioritisation of information is made. 
Anomalies are recognisable that differ from familiar patterns, decision making is 
easier
5. Expert: No longer relies on rules, guide or maxims, more intuitive approach can 
be applied with analytical methods only used for anomalies.
The stages described by Anderson (1985) are cognitive (thinking about how to solve the 
problem), associative (using past experiences) and autonomous (more instinctive decision 
making). It is clear from these descriptions that experience is essential to develop through 
the stages of expertise and as one does so there is an increased ability to handle large 
volumes of data and an improved awareness of the context for the decision. To support a 
novice decision maker it is important to recognise the skills that they are yet to develop.
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RP3.3 Study Aims and Objectives
As noted above, there are a number of technical difficulties associated with conducting an 
accurate assessment of the extent of contamination on a site. This was also recognised in 
the findings of RP2 (Volume Estimation Techniques) where both consultant and contractor 
used judgement in the assessment of the volume of material to be remediated. Judgement 
is needed in the use of qualitative information and managing uncertainty, and this requires 
experience. It has also been reported that the industry is suffering from a skills shortage 
leading to a need for decision support and training. The aims and objectives of this project 
that relate to these issues are described below.
RP3.3.1 Aims and Objectives
The aim of this project is to provide a decision support tool for novice a decision maker that 
incorporates both qualitative and quantitative data to assess the extent of contamination on 
a site. To achieve this aim and deal with the technical and human decision issues of the 
decision context the following objectives have been set for the development of the tool.
1. To offer a transparent mechanism for applying qualitative data, such as site 
history and soil descriptions, to assess the extent of soil contamination on a site 
and estimate the volumes of contaminated soil for design of remediation 
measures.
2. To incorporate certainty assessment and to provide spatial plots of the data 
density. Most of the existing tools for contamination assessment are very specific 
in their scope and there are few that offer an explicit method for demonstrating 
certainty of information and judgements made by the user.
3. To offer an alternative to spatial statistics for immobile contaminants that is easy 
to follow and includes a logical application of the available qualitative and 
quantitative information about a site.
4. To use an inexpensive and accessible software platform to develop a prototype 
of the tool to test the process and allow the application by a novice user.
5. To support novice assessors in combining information types about a site and 
structuring data assessments.
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RP3.3.2 Portfolio Context
The research described interacts with the work carried out in other research projects in this 
portfolio. One key theme running throughout this EngD is the difference between the expert 
and the novice practitioner and the different needs for decision support tools. Specific links 
between the GR:ASS Method and other projects are discussed below.
Research Report 1 (RP1): The expert study describes an investigation into the decision 
processes used by experienced practitioners in the assessment of risk from land affected 
by contamination. The study found that experts tended to use a limited number of cues that 
focussed on the source of contamination and the pathways to human receptors to make an 
assessment of risk. Alongside this, the qualitative responses of the survey found that 
coherence in all of the data was important to assessors as they aimed to understand the 
site conditions as a whole. Although the present study is focussed on a slightly different 
stage of assessment, the relative importance of data can be reflected in the combination 
methods used within the GR:ASS Model. Similarly the outputs can be designed to allow 
investigation of how different data sources may be related.
Research Report 3 (RP3): The development guide research includes a direct comparison 
between an experienced practitioner and a novice. The decision support tool that formed 
the focus for the comparison was a methodical approach to capturing potential risks and 
opportunities for the development of housing sites. The guidance leads the user through 
the planning process and the investigation of subsurface conditions on a site, including 
contamination. The approach was welcomed by the novice as a useful support for decision 
making, but felt inappropriate for the level of the experienced practitioner. The observations 
of the novice preference for methodical decision support can be used to structure the user 
interface of the GR:ASS Method.
Research Project (RP2): The work in the present project relates to the volume estimation 
techniques investigated in RP2 and offers an alternate approach. The GR:ASS Method was 
first developed as a volume estimation technique alongside those described in RP2. 
Overtime however, the focus for the project changed as the need for support of novice 
assessors became more apparent and the GR:ASS Method was taken forward as a 
separate project. The GR'ASS Method does provide a volume of contaminated soil, 
however the tool also aims to provide a clear and explicit process to combine complex and 
varied site data to assess the extent of contamination. In RP2 the volume estimation 
techniques have been developed to offer a transparent method for assessing sparse and 
uncertain data, mostly site investigation data. A key finding in the volume estimation study 
has been the need for qualitative data and associated judgements in the estimation of 
remediation volumes carried out by industry practitioners. An objective of the development 
of the GR:ASS Method is to include qualitative data in assessment of the extent of 
contamination and volume estimation, and also to offer explicit use of judgements in the 
process.
The GR:ASS Method fits within the context of the portfolio as it addresses both the 
technical issues related to the incorporation of qualitative data in the assessment process
R P 3 - 14
Engineering Doctorate: Regenerating the Brownfields
Research Project 3: Grid Assessment Method
and the needs of the novice assessor illustrated in RP3. The tool offers a prescriptive 
methodical approach that is easy to follow for novices and offers the opportunity to practice 
making judgements without them being hidden in the decision process. The following 
section describes the GR:ASS Method and basis for calculations. In this section a 
demonstration site is used to illustrate the inputs and outputs of the tool.
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RP3.4 Grid Assessment (GR:ASS) Method
The GR:ASS Method for land affected by contamination is a Microsoft Excel-based tool. 
The platform for development was selected as one that was readily accessible and 
consistent with other industry decision support tools, e.g. CLEA (EA, 2009b). Other 
programs such as Geographical Information System (GIS) were considered but were not 
available within the sponsoring organisation and were considered too complex for a novice 
programmer.
In the GR:ASS Method the site is initially overlain by a regular grid, a series of logic 
questions are then applied to each cell within the grid to classify the cell’s likelihood of 
being classed as having unacceptable soil contamination. These logic questions are based 
on all available data, from chemical test data to land use descriptions. The combination of 
the data can be carried out using:
direct addition of all contamination ratings,
- weighted sum with ratings set by the user or based on default weightings based 
on the results of the expert study (RP1), or
preferential basis/where the quantitative chemical test data is used as the 
primary information, in the absence of chemical test data, qualitative data is then 
used. The preference for chemical test data is supported by the results of the 
expert study (RP1).
The process can be repeated in layers and so a series of 2-dimensional spatial maps 
predicting the likely distribution of contamination and a measure of the certainty of this 
result are produced for each slice. The volume of potentially contaminated soil is also 
calculated for each slice. The process of inputting data to the spreadsheet is described in 
the User Manual included in Supporting Document RP3.3. The basis for the assessment 
calculations are described and illustrated using a simple demonstration site in the following 
sections. The testing process for the program involved the application to the case site used 
in RP2 for comparison of remediation volumes predicted. In addition the program was 
given to a novice user to apply to a case site from the casebooks used in RP1. Feedback 
on the usability of the program, its accuracy and programming aspects were given.
The following process flow diagrams illustrates the stages used the GR:ASS Method. The 
overall flow diagram is split into three components as described below.
1. Grid setup: when the grid is defined.
2. The assessment of grid cells within each layer. For each grid cell all selected 
data that overlaps the grid cell is recorded for use in the combination method 
selected.
3. Output plots: are the plotting of combined data depending on the combination 
methods selected. Three options are available; addition method, weighted sum 
and chemical data priority. Each is described in detail below. Ancillary plots are
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also available to assess the input data in more detail. This includes; a time line 
plot for the site history, possible contaminants based on the land uses selected 
and a plot of the number of information points within each grid cell.
User Input
Site Details
/  ■ General project information
■ Site Boundary (XY)
■ Site Boundary Conditions
| •  Site Assessment Zones (XY)
Receptor Rating (-2 to 2)
\  Contamination Rating (-2 to 2)
SI Data
■ SI Locations (XYZ)
1 ■ SI Logs (incl. descriptions)
■ Sample Test Data (XYZ cone)
\  Contamination Ratings (-2 to 2)
Site History
• General Land Use (XYZ) 
-► I •  Land Use Features (XYZ)
\  Contamination Ratings (-2 to 2)
Assessment Criteria
■ Assessed Land Use (CLEA)
• Site Specific Values (mg/kg)
Grid Size (m)
Grid
Setup
Select layer depth range for 
for assessment.
r
YesY
.'de­
selected
Layer
No
Are all layers assessed?
I
Yes
i
Output
Plot
End of Assessment
Figure RP3.2 Grid Assessment Method overall process flow diagram
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Selected
Layer
For each cell in 
layer
Does cell contain any form 
of data? Next Cell
Yes
A: SI Chem 
Test Data Identify Cell Max 
Test data score
For Each Tested 
Sample
Identify Cell Max 
SI Detailed 
Description score
No
Identify Cell Max 
General Land Use
Identify Cell Max ^ Does cell have land use 
feature  data within Layer N?•-No-
No
Have all cells been 
assessed?
Yes
Y.
End of SI data assessment
Figure RP3.3 Grid Assessment Method layer process flow diagram
Guidance suggests that all available information about a site should be considered to 
develop a conceptual model to assess the risk from contamination (Nathanail et a!., 2002). 
As suggested in guidance, RP1 shows that experienced assessors use the full bredth of
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qualitative and quantitative data to explain the site conditions and gain an understanding of 
the site, however the actual decision on risk from contamination (in the case of RP1) may 
be dominated by a few key pieces of information. The GR:ASS Method addresses the 
need for multiple types of information and the inclusion of qualitative data. The information 
required in the GR:ASS Model is split between land use and site investigation data and 
includes a mix of qualitative and quantitative information. The method applied for dealing 
with multiple data types is to assign contamination ratings to all information, providing a 
common unit for comparison of data. These ratings are described below.
RP3.4.1 Contamination Ratings
To combine different types of data a common scale is applied to rate the likely level of 
contamination. Each piece of data is rated on a scale of -2 to +2. Where;
-2 is almost certainly no unacceptable soil contamination
-1 possibly no unacceptable soil contamination,
0 is unknown
+1 possibly unacceptable soil contamination present
+2 is almost certainly unacceptable soil contamination present.
The term ‘unacceptable’ used here is in reference to the concentration of contamination in 
the soil for the area of the site being assessed. The assumption is that potential pathways 
and receptors exist within the area being assessed that that have driven the need for the 
assessment itself. The emphasis placed on the source of contamination is reflective of the 
findings from RP1 (Expert Study).
The input cells have not been limited to integers; this allows the user flexibility in the input. 
However reminders are given through input message as to the suggested scale of ratings 
and their meaning. A five point scale was selected for two reasons. Firstly it is consistent 
with the scales used for risk assessment as described in NHBC Guidance for developing 
housing on land affected by contamination (NHBC et a!., 2008). In this guidance risk is 
based on a 4-point scale for consequence and likelihood that combine to give a 6-point 
scale for risk. In the GR:ASS Method there is an objective to include uncertainty in the 
assessment process. For this reason it was necessary to have an odd numbered scale to 
allow for an “unknown” point. The use of 5-point scale is also consistent with research into 
the capacity for people to transmit and process information (e.g. Miller, 1956).
The types of information that can be used in the assessment are;
1. Site investigation data
a. Chemical test data. The data is assigned a contamination rating by 
comparing test results to the acceptable limits. Details and limitations of the
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available contamination limits are discussed below. A radius of influence is 
applied for each contaminant assessed.
b. Log descriptions. The ratings are input by the users for material descriptions 
taken from borehole logs etc. A radius of influence is defined for each 
description included in the assessment.
2. Land use data
a. General land use. Contamination ratings are assigned by the user and 
should relate to the possibility of associated contamination. For example a 
land fill site almost certainly will have some unacceptable soil contamination 
associated with it.
b. Land use features. Contamination ratings are assigned by the user and 
should relate to the possibility of associated contamination. For example a 
known tar pit on a gas works site almost certainly has some unacceptable 
contamination associated with it.
The assessment criteria applied to this information to assess the likely contamination on a 
site is described below.
RP3.4.2 Assessment Criteria
The criteria required to complete the assessment include the assessment boundary, grid 
parameters and threshold values for chemical test data. Each of these aspects is 
described below.
Assessment Boundary
The assessment boundary is defined with the site details and may be different to the site 
boundary. For completeness both can be input to the model. Zoning of the site to limited 
assessment boundaries will allow for a more efficient analysis where only the areas of 
concern are included. This may be required in cases with phased development plans or 
different proposed land uses for example. In the case of the demonstration site, the area of 
interest is part of the total site boundary as shown in the preview figure below (Figure 
RP3.4). In this example the site is to be developed in two phases, phase one is to be 
assessed first.
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Site Boundary 
Assessment Boundary830
810
Phase 2790 -
770 -
750
730 -
Phase 1
710 -
690
670
650
E asting (X )
Figure RP3.4 Assessment and site boundary preview for demonstration site 
Grid Parameters
The grid size is a required parameter for the assessment. The selection of an appropriate 
grid size is left for the user to input. The size should reflect the amount of data available, 
offer a practical assessment size (e.g. a grid size smaller than the size of a typical 
excavator bucket may simply be impractical) and also reflect the size of contamination 
hotspot of interest (input by the user). To help the user decide on an appropriate size, 
guidance for the design of sampling strategies is used to derive a suggested grid size 
based on the hotspot size of interest (DoE, 1994). The report CLR4 (DoE, 1994) described 
a simple procedure for estimating the confidence level of identifying a “hotspot” of 
contamination for particular sampling grids. TD5 includes a detailed description of this 
method, where grid spacing for site investigation is calculated such that if no elevated 
contamination is found there is a 95% probability that no hotspot exists at or above the size 
of concern. The suggested grid spacing used is set based on the spacing of investigations 
required to identify a hotspot of contamination as the most critical spacing. The equation 
used is derived from the following equations (DoE, 1994);
N = —  Equation RP3.1
a
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d = Equation RP3.2
By combining Equation RP3.1 and RP3.2 the following equation can be used
d = Equation RP3.3
Where:
d = grid spacing; 
a = hotspot size (area);
k = constant depending on hotspot shape (for a circle k = 1.08, for an ellipse k = 1.80 and 
for unknown shape k = 1.5 as recommended approximation);
A = total site area;
N = number of sampling points.
The user is asked to input an approximate diameter for hotspot size of concern. This is 
then used to estimate ‘a’ based on a circular shape and calculate a value of ‘d’ based on k 
= 1.50 to give a conservative estimate of the grid spacing (as k increases d decreases). 
Any grid cell that is wholly or partially within the site boundary is included in the 
assessment. If the user does not have a hotspot of concern then they can skip this stage 
and simply input a grid size of their choice based on the amount of information available. It 
is then for the user to conduct some sensitivity checks to look at the impact of the grid size 
on the assessment of their specific site. This is noted in the on screen notes in the tool.
Selection of Contamination Thresholds
To assign contamination ratings to the chemical test data a comparison with acceptable 
contamination concentrations is first made. The user must select the acceptable limits to 
use and can enter site specific values if available. The purpose of the assessment will 
dictate whether it is present or future land use that is of interest. Under the CLEA risk- 
based approach (Defra, 2004) described in TD2, the land use type will be used to 
determine the generic allowable concentrations of contamination for the site to ensure 
acceptable risk levels for long term human health.
The difficulties in setting generic assessment criteria have been discussed in TD2. The 
default values available in the model are; UK SGVs (currently based on pre-2008 guidance 
values) and Dutch SRCs (combined) (RIVM, 2001). The Dutch SRC values must be used 
with caution in the UK and the basis for their development understood. These values may 
be replaced in revisions of the tool by other commercially developed UK Generic 
Assessment Criteria (GAC) such as those produced by CLAIRE (2010) or Nathanail et al. 
(2009). These alternate UK based values can be entered as site specific values in the
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current version. Once the contamination thresholds have been set the contamination 
ratings for chemical test data can be applied. Where no value is available for contaminants 
selected, a warning is issued to the user with the opportunity to add a threshold value or 
exclude the contaminant from the assessment process.
The acceptable contamination levels used vary in applicability to the current site as they are 
either generic or site specific. The uncertainties that relate the testing of chemical 
contamination levels and the representativeness of each sample also need to be reflected 
in the contamination ratings assigned to each test result (e.g. +2 represents certainly 
contaminated and +1 represents possibly contaminated). To do this the chemical test 
result is divided by the best available allowable concentration to achieve an intensity of 
contamination. The category values used to assign a contamination rating aim to make 
some allowance for both the sample certainty, i.e. how representative the result is of the 
soil, and also the applicability of the threshold value. The generic criteria have more 
conservative category values to reflect the less certain nature of the guidance values. With 
regard to sample certainty, the sampling uncertainty suggests that a result below the 
allowable guideline value may still represent soil that is unacceptable for its proposed use, 
and those above may still represent acceptable contamination, as shown in Figure RP3.5 
below. Ramsey suggests that the sampling uncertainty range may be 55% or more 
(Ramsey, 1997).
Contaminated
Concentration
A Probably
contaminated
Measured 
Value
A
Sample
Uncertainty
v
Possibly
contaminated
Threshold 
+ sample 
uncertainty
Threshold
Threshold 
- sample 
uncertainty
Uncontaminated
Figure RP3.5 Sample uncertainty (based on Ramsey and Argyraki, 1997 p252)
For each contaminant the preferred acceptable contamination level is the site specific Soil 
Guideline Value (SGV)3. The next most appropriate value is the published UK generic SGV 
most appropriate for the land use being assessed (i.e. residential with or without gardens, 
allotments or commercial). In the absence of a site specific or generic SGV then Dutch 
SRCs are used where available. However, it should be noted that Dutch levels are not
3 SGVs are also referred to as Site Specific Acceptance Criteria (SSAC) in other literature, e.g. CLAIRE (2010)
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directly applicable to the UK but offer the next best available guidance to give an indicator 
of the level of contamination. As the GR:ASS Method is aimed at soil contamination, and 
immobile contaminants, water and gas contamination values are not included.
In the demonstration case a single contaminant is assessed: arsenic. A site specific value 
is available and taken to be 20 mg/kg. The ratio of the chemical test result to the guidance 
value used determines the contamination rating for the result. Table RP3.1 summarises the 
criteria used in this demonstration.
Contamination Rating Factor of Site Specific 
SGV
-2 0.2
-1 0.8
0 1
1 1
2 -
Table RP3.1 Contamination ratings for chemical test data
For the purpose of this assessment the ratings were applied to represent a conservative 
view of the contamination data and to make some allowance for sample uncertainty. 
Applying the assumed ratios in this example, and the fact that site specific SGV was used. 
If the result was less than 0.2 of a site specific value -2 was assigned as almost certainly 
not contaminated. If the result was more than 1.0 of a site specific value it was assigned 
+2.0 for almost certainly contaminated. This assumes that the site specific values had 
been agreed with the regulatory body and act as absolute cut offs for contamination, also 
sampling was sufficient to minimise uncertainty. The user is able to change these ratings 
based on available site information.
Once contamination ratings had been assigned to all of the input information and the grid 
had been defined the assessment could be carried out. The following section describes the 
process of determining whether a piece of data falls within a grid cell.
RP3.4.3 Overlapping Points and Areas
The grid cells that overlap the assessment boundary are each assessed in turn. The 
contamination ratings from available information are included if the grid cell partially or 
wholly overlaps a piece of information. All information has an area assigned to it. For the 
land use and land use features the area is defined by co-ordinates input by the user. The 
site investigation chemical test data and descriptions are given a circular area based on the 
co-ordinates of the investigation point and the radius of influence assigned to the 
description or contaminant.
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For the land use data that are irregular polygons the basis for this assessment is that for a 
point within a polygon a line drawn in any direction will cross the boundary of the polygon 
an odd number of times. If the point is outside of a polygon then the line will cross the 
boundary of the polygon an even number of times. As shown in Figure RP3.6 below.
4 crossing 
points -  Point B 
outside
Polygon
2 crossing 
points -  
Point B 
outside
crossing 
points -  
Point A 
inside1 crossing 
point -  Point 
A inside Y co-ordinate outside of polygon
range
Figure RP3.6 Point within a polygon rule
Within the program the above rule is applied as follows. A horizontal line to the east of the 
point of interest is used as the checking line for an odd or even number of crosses of the 
polygon boundary. The y co-ordinate for a point of interest (grid corner for example) is first 
compared to sequential pairs of y co-ordinates for the polygon. If the point y co-ordinate 
does not fall between the y co-ordinates for any pair around the polygon, then no further 
checks are carried out on this point, as in point C shown in Figure RP3.6 above.
If the y co-ordinate does fall between the y co-ordinates of a pair of points around the 
polygon (as in point A or B in Figure RP3.6 above) then a second level of check is 
completed to see whether the point is to the left (or west) of the boundary line between the 
polygon’s pair of points. If this is found to be west of the line then a counter is used to 
establish the number of boundary lines crossed. The second phase of check is shown 
below. The co-ordinate XA is less than the co-ordinate X4 that falls along the line from i to j 
at y co-ordinate YA and so point A is to the left of a boundary line. The same is true for 
lines j to k and I to m. As there are an odd number of intersections the point A is 
determined to be inside the polygon.
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'P air of polygon co­
ordinates with 
secondary check
A Y
Figure RP3.7 Point within a polygon check
For circular features (investigation holes) that have a known radius, r, and centre point (X, 
Y), a point with co-ordinates (xA, yA) falls within the area of influence of the investigation 
point if the following equation (Equation RP3.4) is true.
r  > 7 (xa - X ) 2 + (ya -  Y)2 Equation RP3.4
This approach is applied to all checks where overlapping points and areas is a concern. 
Where information overlaps a grid cell the contamination rating for that piece of information 
is recorded as a result in the grid cell. The methods for combining these results are 
described in Section RP3.4.5 below. As noted above the GR:ASS Method was applied to a 
demonstration site. The data input for this assessment is detailed below, each element of 
the input data is compared to each grid cell as described above, and the results recorded 
for combination.
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RP3.4.4 Demonstration Site
The data input about a site relates to land uses and site investigation data. The site history 
includes information about general land uses that have occupied the site and specific 
features that may influence the contamination. The site investigation data includes 
descriptions of the soil and chemical test data for samples taken during intrusive site 
investigations. These two aspects are described for the demonstration site below.
Land Use
The majority of the historic information is obtained at the desk study stage of the design 
process, where information about the site (maps, land use records etc.) is collated and 
used to ascertain previous land uses. From this information the likely contamination 
sources for the site can be identified. DoE Industry Profiles (e.g. DoE, 1995) offer some 
guidance to the typical processes and potential contamination associated with a number of 
industrial land uses. The input data for the GR:ASS Method requires the years over which 
each land use was present on the site, the relevant DoE profile if applicable, the 
contamination rating for each land use in the assessment, the depth range over which it is 
thought to have influence and the areas over which the land use applies to be input. In the 
case of the demonstration site the site was a former gas works, where part of the site was 
later used for warehousing. The preview plot in Figure RP3.8 below shows the areas for 
each land use.
830  
810 
790  
>  770  
|  750 
|  730 
710 
690 
670 
650
o o o o o o o  oO  rsi ^  LO 00 o  rsj <3-
^ ' T ' d - ' d - ' ^ - L n L D i - O
Easting (X)
LU Area 1 Gas works LU Area 2 Warehouses LU Area 3 Housing
LU Area 4 — —  LU Area 5 LU Area G
. ........  LU Area 7 LU Area 8 LU Area 9
«=> LU Area 10 — -  Assessment Boundary ----- Site Boundary
_______________
Figure RP3.8 Land use area preview
Land Use Area Preview
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For the demonstration site the appropriate industry profile of a gas works was selected. 
From that profile a list of potential contaminants was generated that included; arsenic, 
cadmium, chromium, copper, lead, mercury, nickel, zinc, sulphur, potassium cyanide, free 
cyanide, sulphate, sulphur, phenol, total petroleum hydrocarbons (TPH), aromatic 
hydrocarbons and poly-aromatic hydrocarbons (PAH) and ammoniacal liquors. Soil pH is 
also noted as a potential problem for this site (DoE, 1995). The location of the different 
contaminant types within a gas works site are discussed in the relevant industry profile 
document but are not detailed in the decision tool. A time line was then produced for the 
land uses input as shown in Figure RP3.9 below.
Site History
Time Line Limits
Year to start timeline 1880
Jump To Land UseYear to end timeline 2060
Time between intervals on timeline (years) 30
j ok
Input Tab
Number of intervals on time line 6
LAND USE HISTORY
Land Use Date (yrear)From Until
Gas works 1870 1980
Warehouses 1980 2008
Housing 2008 2060
TIM E LINE
Time (Years)
Land Use 1880 1910 1940 I 1970 2000 | 2030 I 2060 i
Gas works
Warehouses
Housing
Figure RP3.9 Timeline produced in the GR:ASS Method for the demonstration site
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In addition to general historic land use data the user is given the opportunity to include a 
number of land use features. These would be specific aspects of a land use that may be 
associated with contamination. For example, the general land use for the demonstration 
site was a gas works. A land use feature of a gas works that may be associated with 
specific contamination would be a tar pit or gas holder. If the location of such a feature is 
known it can be entered with an appropriate contamination rating in the same way as the 
general land uses. In the case of the demonstration site a land use feature included a gas 
holder and tar pit as shown in the plot below.
Land Use Features Preview
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Edsling (X )
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________________________________________________________________
Figure RP3.10 Land use feature preview
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Site Investigation (SI) Data
A key information source is SI data (general and chemical). This data is obtained by 
excavations (boreholes and trial pits etc.) where the geological strata are described with 
depth, as in the example borehole log below. Samples of soil, groundwater and gasses 
are taken for chemical testing. The result of the SI is that contamination levels are known 
at discrete locations across a site. Analysis of both the qualitative and quantitative data 
allows the user to gauge the level of contamination across the whole site without requiring 
extensive chemical testing.
BOREHOLE NO. 4 
SHEET 1 OF 1
JOB CLIENT
EQUIPMENT Shell and Auger GROUND LEVEL 14.25 m a o d  DATE COMMENCED 31/01/97
DESCRIPTION .tGENC “I
385 '
NOTES
Coarse GRAVEL.
V (MADE GR O U N D) /
14.05 0.2
0.5
1.5
- -  Loose dark grey SAND and fine GRAVEL of 
clinker and dark grey brown CLAY with 
occasional fine to medium flint gravel and some 
brick fragments. Slight phenolic smell.
(MADE GROUND)
1.0
D
SPT N=4
2.0
D
SPT
N=46 over 
225mm
2.25 12.00 2.25
. \C o n c re te  (Tank Base?)
Borehole completed at 2.25 m below ground level
REMARKS: . JOB NUMBER
Drilling Progress: Borehole completed in one day (31/01/97) LOGGED BY JV
Groundwater conditions: Water strike at 1.5mbgl remained static over 20mins. CHECKED BY
Casing depth/diameters: 150mm diameter to 2.25mbgi. SCALE 1:50
Other observations: Inspection pit dug to 1.2mbgl. 50mm diameter standpipe installed to
2.25mbgl. p , Q  fyJQ  q
Figure RP3.12 Example borehole log for soil descriptions
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In the demonstration site, 4 boreholes and 4 trial pits have been included with locations 
shown on the preview plot below.
Investigation Hole Location Preview
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Figure RP3.13 Demonstration site investigation hole locations
Detailed descriptions were included for 7 locations with ash or clinker noted in the logs 
which were taken to be an indicator of possible contamination. One of the key benefits of 
the GR:ASS Method is the ability to include qualitative data that can be used for the 
assessment of contamination.
The GR:ASS Method is intended for the assessment of extent of less mobile 
contamination. For this reason the demonstration site has included a less mobile 
contaminant of concern: arsenic. A total of 14 chemical test results have been included. 
The input tables for detailed descriptions and chemical test data are shown in Figure 
PR3.14 below.
As the method is primarily concerned with immobile contamination the chemical test data 
is restricted to soil data.
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RP3.4.5 Combining Data
The user can select which information is to be included in the assessment:
- land uses,
land use features,
- site investigation descriptive data, and 
chemical test data.
The user is then given the option to the select one of three combination methods for the 
assessment.
The combination methods are described below with plots from the demonstration site. 
The plots show how the contamination ratings look when applied to a given layer, this 
process is simply repeated for all layers of interest. The possible combination options are 
then shown. Any cell with a result after combination of available data that has a value > 0 
is shown in red if the cell value is < 0 the cell is green and if the cell value = 0 the cell is 
blue. The range of values that are used for the shading of each plot is selected by the 
user and defines the extreme values coloured in the plot. Note that in the input a 0 can 
represent either the data available can’t be used to decide one way or the other with 
regard to contamination or the location where a contradiction exists. For grid cells with 
contradicting data, i.e. some positive and some negative, a red boarder is used to indicate 
a location of contradiction. Cells with no data are coloured grey.
Combination Methods
The combinations available are:
1. Addition Method: a simple sum of all contamination ratings available in the grid 
cell.
2. Weighted addition: the information sources are given weightings by the user or 
suggested values based on the results from RP1 expert weightings that are 
relevant for housing developments.
3. Chemical data priority: the best available information is used exclusively if 
available. In the absence of chemical test data the other data is weighted and 
combined.
All options are available using all available data in each cell or just the worst ratings 
recorded for each data type (land use, land use feature, material description and chemical 
test data). The latter of which would be a more conservative view of the assessment. For 
the demonstration site the input data types were also assessed individually to show the 
worst ratings for each data type (as shown below).
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Slicel: Description Data 
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Figure RP3.15 Input data types for demonstration type
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Addition Method
This is a straightforward sum of the contamination ratings for selected information in the 
grid cell. The following chart shows the output plot for the addition method of all data and 
worst results. The volume of material with a rating over 1.0 is calculated and included in 
the figure below. In the case of the demonstration site the colour range was set to be -10 
to +10.
Any combined sum that was more than or equal to +10 was coloured red, 0 was coloured 
blue and less than or equal to -10 coloured green. A linear scale of colours was applied in 
the model for ratings between these values.
Slicel: AdditionMethodALL 
Om to lm  Depth
Evidence suggesting no contamination 
Possibly not contaminated 
Evidence inconclusive 
Possibly contaminated 
Evidence suggesting certain contamina
No evidence available at this location
Contradictory evidence at this location
All Data: Volume = 11800 nrr
Slicel: AdditionMethodWORST 
0m to lm  Depth
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No evidence available at this location
Contradictory evidence at this location
Worst Data: Volume = 11800 m3
Figure RP3.16 Addition method outputs for demonstration site 
Weighted Addition
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Contamination ratings for each grid cell is assessed based on a weighted sum of the 
available information. The weightings can be adjusted by the user, or default weightings 
can be used. The preferred data source is chemical test data. There may also be clues 
from the descriptions as to whether contamination is likely to be present; colour of the 
material for example. Land use features are less reliable but may give an indication of 
specific location of a contamination source on site. General land use data is the least 
reliable; however can give an idea of the potential wider area that may be affected by 
contamination from previous land uses.
The overall rating is calculated as follows;
WeightedSum = f tCt + f dCd + f f Cf + f lCl Equation RP3.5
Where;
ft = test data factor
Ct = test data contamination rating -  either worst value or sum of all ratings 
fd = material description data factor
Cd = material description data contamination rating -  either worst value or sum of 
all ratings
ff = land use feature factor
Cf = land use feature contamination rating -  either worst value or sum of all ratings 
fi = general land use factor
Cf  general land use contamination rating -  either worst value or sum of all ratings
The example value of the weighting factors that is applicable to housing sites, is based on 
the results of the expert study in RP1. In RP1 the relevant standardised weightings for the 
Lens Model (presented in Supporting Document RP1.2) were as follows;
• Site History = 0.030
• Soil Chemical Test Data = 0.534
The chemical test data is 20 times more influential than site history. The site features and 
the descriptive data are interpreted to be between these values. The suggested 
weightings are summarised in the following table (Table RP3.2).
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Aspect Weighting Factor, fx Comment
Land Use 0.05 1/20 of the influence of chemical test data -  based on expert study.
Land Use Feature 0.1 Twice as influential as general land use -  suggested value.
Borehole Descriptions 0.5
Half as influential as chemical test data, as 
location specific and is detail about the soil 
material -  suggested value.
Chemical Determinants 1
Most influential and therefore not reduced 
by an influence factor -  based on expert 
study.
Table RP3.2 Default weightings based on housing developments assessed in RP1
The following chart shows the output plot for the weighted addition method of all data and 
worst results for the demonstration site. The volume of material with a rating over 1.0 is 
calculated and included in the figure below.
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Worst Data: Volume = 4600 m:
Slicel: WeightedSumWORST 
0m to  lm  Depth
~| No evidence available at this location
Figure RP3.17 Weighted addition method outputs for demonstration site
Chemical Priority
This method uses the chemical data available for the classification of the grid cell if it is 
available. In the absence of chemical data a weighted sum of the remaining data is used. 
To ensure that the amount of alternate data available does not obscure the chemical test 
data as a priority the chemical results are normalised to the range of outputs required for 
the output plots.
If the chemical test data rating was +6 out of a possible +8, but the weighted sum of all 
other data could be +10 it would appear more certainly containing soil with unacceptable 
contamination. For the chemical data to be a priority the result is normalised to the range 
of results plotted (as input by the user). If the shading range is +/- 10 then the 
contaminant result would be 7.5.
The following chart shows the output plot for the chemical priority method of all data and 
worst results for the demonstration site. The volume of material with a rating over 1.0 is 
calculated and included in the figure below.
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Figure RP3.18 Chemical priority method outputs for demonstration site
In addition to the outputs given above for a single slice the same plots are available for 
any defined depth range the user selects for assessment. Other outputs from the 
assessment are described below.
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RP3.4.6 Supplementary Outputs
The outputs combine an assessment of the volume of material that is considered to have 
unacceptable contamination and a series of plots of the likely spread of contamination 
across the site for each layer. The volumes calculated for each method were shown with 
the output plots above and ranged from 11800 m3 using the straight addition method to 
3600 m3 using chemical priority method. These plots also give an indication of the 
certainty of the assessment, through the scale of the combined contamination ratings 
reported. The importance of sufficient investigation and communication of the basis of 
assessments of contamination has been noted previously in RP2 and through the case of 
Urban Regeneration Agency (English Partnerships) v Mott Macdonald Group Ltd and Ors 
(1996, NJ 736). In the GR:ASS Method the communication of available data is presented 
in the Result Count plots where the amount of data available in each grid cell is plotted to 
give an overview of the gaps in knowledge across the site (Figure 2.19 below).
Slicel Result Count
: !
i
Results in squaie
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Figure RP3.19 Data density plot for demonstration site
The additional information about the land use timeline and associated possible 
contamination is discussed above in Section RP3.4.4.
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RP3.5 Testing
Three forms of testing were used to ensure that the aim and objectives of this research 
had been achieved. These methods were:
1. Calculation accuracy and user input tests were carried out during development 
and later by a novice user.
2. To test the volume estimation aspect of the tool a comparison was carried out
with the volume estimated for the test site used in RP2.
3. A novice user applied the program to one of the case sites used in study
described in RP1 to test its usefulness for this type of user. Feedback was
gained on the user interface of the tool and whether it aided the user in 
processing site information. A comparison of user comments to the average 
expert responses from RP1 was also carried out.
RP3.5.1 Calculation Accuracy and User Input
In the first testing activity, an ongoing process was carried out to ensure that the 
calculations were performed correctly. To minimise the potential for errors in calculations, 
the program was designed such that the formulas used for calculation were only 
programmed once, but repeatedly used for different situations. An example of this was 
the check for a point falling within an area. The same formula was used for the grid set up 
and to check whether grid cells overlapped polygon areas of site uses and features. The 
application of the demonstration site allowed for both checking of the input instructions, 
acceptable data types and also the calculations themselves. The results are also output 
to a worksheet within the tool to enable manual inspection of the combination methods. 
This process lead to some program improvements that included additional error handling 
mechanisms to prevent invalid user inputs that were found to cause runtime errors. User 
input testing was conducted to ensure that the user can only input valid data to the input 
cells. Guidance notes have been included throughout the tool and input limits applied to 
cells where practical. An example of this would be the limiting input of numerical co­
ordinates. When invalid data is input the following message is displayed.
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Invalid data
Ground Level 
(m O D)
Northing <Y) Final Depth (m ) Start Date
759.272te s t
Co-ordinates must be numeric
4419 Please ensure valid numerical coordinates are used.
454.47S
CancelRetry
750
Figure RP3.20 Error message to limit user input
A novice user was given the tool and asked to apply it to a site. The user was an 
undergraduate student in civil engineering who was carrying out a dissertation project on 
the GR:ASS Method. The feedback obtained related to the technical aspects of the 
contamination assessment along with the ability of the tool to act as support for novice 
decision making (discussed below RP3.5.3). The user also conducted some independent 
testing on the program from a general software development viewpoint. The program 
reportedly ran quickly and had no logical or programming errors noted through the 
application of the tool. The user also noted the tool to be a useful addition to the available 
software that they had previously encountered.
One key point raised was that the level of control over the users input could be improved 
for a novice. The tool was based on a series of tabs in an Excel workbook each with a 
different stage of either the input required or the outputs. This allowed the user freedom 
to click between tabs and enter data in any order (although the user manual does refer to 
a sequence of input). Restricting this freedom of input, some additional controls and 
commentary throughout the tool were suggested improvements to help the novice user 
understand the basis of the program. To address this issue the tool was updated to 
included the use of controls to click through to input pages and review the outputs as 
shown below.
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Project Details
Name
Client
Contractor
04/02/2009
Purpose
Stage
Land Use (Ref)
Test data fo r comparis 
Phase i  part o f siteRemarks
Buttons to jump to 
input screens and 
tabs hidden in excel 
to restrict movement 
through the program
Input Data
2 Enter Land Uses
3 Enter SI Locations View SI Locations Enter Soil TestDescriptions
4 Enter Analysis 
Options & Run
View Output
Figure RP3.21 User interface improvements
The improved interface was used by the Novice user to assess the case site from the 
study described in RP1 (see RP3.5.3 below).
In the application to the case site the novice user noted a need for additional commentary 
on the outputs to help the user interpret the information. The user manual now includes 
more detailed description of the combination methods. Further development of the tool 
would include additional help functions to address such comments by the novice user.
Finally some more general drawbacks relating to the use of MS Excel were highlighted, 
for example compatibility with future versions of MS Excel was a concern. Some of the 
platform related issues could be overcome with some modification to the current program, 
and others were inherent to MS Excel used and would require re-programming the tool to 
act independently of MS Excel.
RP3.5.2 Volume Estimation
To assess the volume estimation aspect of the program a comparison was carried out 
using the case site applied in RP2. For more detail on the site and the other volume 
estimation methods used the reader is referred to RP2. A complete printout of the data 
used and the resulting output plots from this testing exercise are included in the 
Supporting Document RP3.4.
The data input for the assessment included the chemical test results used in RP2 for the 
four key contaminants of concern: benzene, naphthalene, benzo[a]pyrene and
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ammoniacal nitrogen. It is recognised that these contaminants are not classed as less 
mobile heavy metal contaminants. However, the site also presented detailed material 
descriptions of ash and clinker that were thought to be associated with contamination. 
Also the site and had some clear land use and land use features that influence the 
assessment of extent of contamination. For these reasons the site was felt appropriate as 
a case for application.
The following data was input:
Chemical test data was entered as recorded from the test results and compared 
to site specific remediation targets for the site. The contaminants entered were 
restricted to the four of concern (benzene, naphthalene, benzo[a]pyrene and 
ammoniacal nitrogen).
Material descriptions and applied depths were input based on the data used in 
the proportional method for volume estimation in RP2. The classification of 
material in RP2 included ‘contaminated’ and ‘uncontaminated’ material. 
Material depths classed as ‘contaminated’ were given a contamination rating of 
1.0, and those classed as ‘uncontaminated’ were assigned a rating of -1.0. The 
use of +/-1.0 rather than +/- 2.0 for contamination ratings reflected the reduced 
certainty in the interpretation of material descriptions as indicators of 
contamination. The descriptions were generally based on the presence of ash 
or staining noted in the log.
The land uses applied to the site included a former gas works for the whole site 
area which was given a contamination rating of 2.0. Part of the site had also 
been remediated; however the details of the remediation were unclear. This 
area was assigned a contamination rating of -1.5. Any overlapping land use 
features were excluded from the assessment to represent remediation having 
removed the influence of these features, although the details of the remediation 
was not known so could not be given the classification of certainly not 
contaminated (-2.0).
The land use features included the areas of gas holders that had not yet been 
remediated and a tar pit. Both of these features were assigned a contamination 
rating of 2.0.
Details of all of the data used in the model have been included in Supporting Document 
RP3.4. An assessment was then carried out for each of the combination methods for two 
depth slices. The materials used in this assessment were restricted to the Made Ground. 
One current restriction of the GR:ASS Method is that it applies a constant depth of 
material across the site. To overcome this the site was assessed in two slices 0 m to 1.5 
m (the average thickness of made ground on the site) and 1.5 m to 3.3 m (the maximum 
thickness of made ground on the site).
The volumes estimated for each method are summarised in the following table. The 
volumes calculated in RP2 using simplified volume estimation techniques varied from
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1,784 m3 to 7,420 m3. The volumes calculated by the consultant and remediation 
contractors varied from 1,393 m3 to 2,511 m3. The actual excavated volume was 1,073 
m3. The assumptions and basis for these volumes is described in RP2.
Calculation Method Slice 1 Volume (m3)
Slice 2 
Volume (m3)
Total Volume
(m3)
Addition Method (All data) 3,300 5,580 8,880
Addition Method (Worst data) 9,150 11,160 20,310
Weighted Sum Method (All data) 2,250 360 2,610
Weighted Sum Method (Worst 
data) 5,850 2,160 8,010
Chemical Priority (All data) 2,250 360 2,610
Chemical Priority (Worst data) 5,700 2,160 7,860
Note: These volumes calculated are based on 10 m grid spacing with any cell with a contamination 
rating > 1.0 included.
Table RP3.3 Calculated volumes of contaminated soil taken from the results in RP2
With additional detail in the input and more slices this output can be refined. The main 
function of the program is to help novice users to gain an appreciation of the extent of 
contamination across a site using all of the available data. The volume estimation should 
be accompanied by an assessment of the graphical outputs that give a measure of 
certainty for the volumes. The spatial plots are therefore of particular interest. Below is a 
repeat of Figure RP2.6 showing the extent of contamination for the different estimation 
methods; Kriging, area of influence and the areas actually excavated on the site. These 
figures show the areas of the site to be remediated. The basis for these figures is 
described in more detail in RP2.
Contaminated areas identified by Kriging Contaminated areas identified by Area of 
Influence method
Contaminated areas excavated
Figure RP3.22 Repeat of figure RP2.6 extent of contamination compared
The following figures show the extent of contamination for the upper slice using the worst 
of each type of data for each method. This represents a conservative view of the 
assessment process. A combination of all data could also be applied. The following plots 
show a similar distribution of contamination to the outputs from RP2 with the additional
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benefit of identifying locations with contradicting information and a gradation of certainty of 
the level of contamination represented by the shaded squares. The output is 
representative of the accuracy of the input data, by offering a ‘blocky’ plot with unclear 
edges to the zones affected by contamination the user is reminded that the distribution 
has been estimated and the boundaries can therefore not be considered as absolute. A 
full set of results is included in Supporting Document RP3.4.
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Figure RP3.23 Comparison of GR:ASS combination methods using worst results for each
data type
The key additional information available from these plots is the location of contradictory 
information. The general pattern of contamination is comparable to the contaminated 
areas identified using the methods applied in RP2.
The additional outputs from the GR:ASS Method include a data density plot (Figure 
RP3.24), and a plot of contamination ratings for each of the input data types used (Figure 
RP3.25 and Figure RP3.26). By separating out the data sources in this way it is possible 
to make comment on the connections between the data types. For example it can be 
seen that the elevated test results are concentrated in the west of the site, but extend 
beyond the known land use features.
The plots shown here are restricted to the worst ratings for each data type at each grid 
cell. For example the land use data shows the whole site to be red as it is classified as a 
former gas works. However a more recent land use was remediation that occurred across 
the eastern part of the site. A combination plot of all data would show this eastern area as 
less likely to be contaminated and with contradicting data. The flexibility of the data 
presentation by user selection of data types and particular features allows interrogation of 
the information to gain an understanding of the site.
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Figure RP3.24 Data density plots for case site
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Figure RP3.25 Slice 1 Worst rating for input data types for demonstration type
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Figure RP3.26 Slice 2 worst rating for input data types for demonstration type
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RP3.5.3 Novice User Feedback
The main aim of the tool is to support novice users in the assessment of soil 
contamination. The GR:ASS Method can be used to calculate volumes of contaminated 
soil and also permits the user to view the extent of contamination used in the assessment. 
The novice user noted in Section RP3.5.1 above, was asked to apply the program to Case 
2 taken from the casebook used in the study described in RP1 (Expert Study). Case 2 
was selected as a simple case with moderate contamination levels and low contradiction 
between participants in the expert study where 60% agreed that that site was high risk, 
and 97% agreed the site was at least moderate risk. See Figure RP3.27 below for case 
summary page, the appropriate tables of soil, water and gas chemical testing were also 
supplied. The Case 2 site has fictional data, and although the site layout is the same as 
the site used in the comparison of the volume estimation techniques, the data including SI 
locations, is completely different. The novice GR:ASS user was given the case data as 
supplied in the casebook in RP1 and requested to consider limited contaminant data to 
simplify the assessment.
Case 2: Proposed low-rise residential flats v/ith landscaping
The site is 2.0 hectares in size and part of a former gas works in operation from 1870 
-  1990. The buildings were demolished in late 1990s and the site has been vacant 
since.
The surrounding land uses comprise industrial park to the east, south and west; 
formerly industrial land (land uses include car workshops and showrooms and a 
petrol station). To the north of the site is part of the former gas works, beyond which 
are open fields. A designated ecological SSSI is located SOOm from the northern 
site boundary, adjacent to 'River B', classified as under EA General Quality 
Assessment (GOA) Scheme as grade B (chemical and biological).
The site is underlain by a major aquifer and falls within an Inner Source Protection 
Zone.
The ground conditions of the site are summarised in Figure 2.1 below; Made Ground 
(clayey material including demolition rubble) underlain by clay and chalk. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 25m. Contamination test data, including gas 
monitoring results are attached. Table lb: soil test data. Table 2a: gas monitoring 
results, Table 3b: water test results.
Figure 2.1: Site plan and indicative borehole log
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Figure RP3.27 Case 2 site summary taken from expert study used in RP1
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Additional information was supplied to allow input to the GR:ASS program; co-ordinates 
for the site boundary and site investigation points. The user was given a copy of the tool 
and asked to apply it to the case site and to comment on;
1. “Whether working through the sheet helped you assess the site - and how 
could it help you more -  was there anything you wanted to do that you 
couldn't?
2. Do you think the site has any issues and why?"
In answer to question 1 above, the Novice user made the following comments regarding 
the use of the tool for assessing contamination;
“The GRASS software is very helpful in assessing site contamination, 
modelling through the input with the aid of a hierarchy-based system, looking 
up historical land use, contaminants and the levels of threat that they present.
This system interprets the input by the user and outputs on a graphical format 
and in text the object of contamination."
“The output is presented in such a way that can help an inexperienced user to 
have a first opinion about land contamination, without having to interpret tables 
of numbers and come to a conclusion. On a contamination point of view, if the 
data give conclusive information, it is relatively easy to decide whether action 
needs to be taken for remediation, even in complicated cases and where data 
are not informative or diverse enough or in the case of limited knowledge 
about the site in question."
As noted in previous sections the user had some comments on the platform used for 
development of the tool, the error handling and user interface. Despite any limitations of 
the software the user generally found the tool to be simple to use with an easy interface.
The user also commented on the User Manual that was supplied with the copy of the 
GR:ASS Method. This was found to be clear and concise; however the user did note that 
some additional description of the functionality of the program and the input would offer 
some improvement. In response to these comments additional explanation was added to 
the manual included in the Supporting Documents for this RP.
In answer to the second question the novice user made the following comments about the 
site;
“The site has contamination issues in specific zones, clearly shown in the output 
model of the site, marked as red [Referring to GR:ASS output]. This indicates 
that immediate remediation action is required. Data from the land use and land 
features are proven to be inconclusive but give an indication of possible 
contamination due to the history of the site as an industrial zone, with such 
contaminants as arsenic, lead, zinc, Benzo(a)pyrene and others. While their 
rating suggests that the site is possibly contaminated due to its history, there
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seems to be not a definite answer extracted from just the land use and land 
features
The assessment of the case site was then compared to the expert assessors responses 
from the casebooks used in RP1. The comments made by the experienced assessors for 
this case included the following key points;
Sources of contamination noted by participants included predominantly soil and 
gas contaminants. Soil contamination noted included; metals, PAH, TPH and 
asbestos.
Fluid and human pathways were noted as significant with key receptors noted 
as land users and groundwater.
No comments were made on conflicting data.
The expert participants in from the study described in RP1 rated the site as moderate to 
high risk, the average expert response was 2.7 (where 1.0 = low risk, 2.0 = moderate risk, 
and 3.0 = high risk). The novice user assessing the site using the GR:ASS Method also 
rated the site as moderate to high risk.
The following figures show key outputs from the novice users application of the GR:ASS 
Method for the Case 2 site. The user split the slices considered in the methods by strata; 
i.e. Slice 1 represented Made Ground and Slice 2 clay. Below is the Made Ground slice, 
Slice 1 (0 to 2.3 m depth). With regard to the second slice (2.3 m to 8.0 m depth) the 
GR:ASS Method showed limited data in this slice and so results have been excluded.
Below is the assessment of individual features. In the initial assessment the novice user 
noted that the whole site included a red assessment zone, but they had not noted that this 
was related specifically to land use, and as such was not necessarily representative of the 
areas affected by contamination. This weighted sum combination plot however, does take 
account of the relative certainty of each data type and it can be seen that areas where 
only land use data is available the plot is coloured blue, i.e. uncertain contamination.
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Figure RP3.28 GR:ASS outputs from novice user assessment of Case 2
The following figure shows two of the combination methods used. As noted above the 
Addition Method tends to overestimate contamination volumes. This is shown by the 
purple colouring indicating possible contamination which was based on the land use 
information. The weighted sum however shows less certain contamination rating in areas 
where only land use or land use feature data is available (i.e. blue areas).
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Figure RP3.29 Selected GR:ASS outputs from the novice user assessment of Case 2
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The site history assessment of potential contaminants based on the land uses input and 
the relevant DoE Industry Profiles selected, is shown below. The user noted that not all of 
the potential contaminants were included in the assessment. This output enabled the 
user to identify what other contaminants may be of concern.
Detorminands 1
Assessed Potential
Arsenic Barium
Lead
Zinc Cadmium
TPH Chromium
Benzofatovrene Copper
PAH Lead
Mercury
Nickel
Zinc
Arsenic
Vanadium
Boron
Sulphur
Potassium Cvanide
Free Cyanide
Nitrate
Sulphate
Sulphur
Asbestos
pH
Phenol
Acetone
TPH
Aromatic hydrocarbons
PAH
Chionj Aliphatic Hydrocarbons
PC Bo
1-----------------------------------------__________________________________
Figure RP3.30 Land use and associated contaminants
The novice and expert assessors came to the same overall conclusion about the site in 
terms of a risk rating. The novice user had little experience in the assessment of land 
affected by contamination and so it was encouraging to see that they had come to the 
same conclusion as the experts. Whether this was entirely due to the use of GFLASS is 
not clear, and further testing would be required to fully investigate the influence of the tool 
in decisions. However, the graphical outputs from the GR:ASS Method were clearly used 
as a basis for the assessment.
An additional benefit was that the use of the GR:ASS Method to record the inputs and the 
basis for the assessment meant that the novice decision could be reviewed in detail. For 
example, once the novice user had run the program and come to a decision about the site 
the GR:ASS file was reviewed. From this the assumptions of the novice were then 
questioned to make sure they had understood the site and used to gather a clearer 
impression of how they had used the GR:ASS tool. One point picked up in this process 
was the use of the Soil Organic Matter (SOM) (%) in the analysis. The novice was 
unaware of the meaning of this term and its implication to the assessment. Through the 
review process and questioning of the novice user it was firstly possible to find out that 
they had not understood this parameter. This then gave the opportunity to explain that 
SOM is a property of the soil and that it is important for the mobility of certain 
contaminants. The implication of this on the selection of soil guideline values could also 
be explained. In this case the GR:ASS Method acted as a prompt for explaining the 
decision process to the novice user, hopefully leading to an increase understanding.
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The primary function of the tool is to calculate soil volumes based on a range of site data. 
In applying the tool to a more general assessment some limitations were identified:
the exclusion of gas and water chemical test results,
- the input of surrounding sources and receptors to contamination was possible 
but not assessed, and
the description of receptors of contamination is limited.
The development of the tool in the application of more general site assessments would 
require these additional elements to be included and enhancement of the output to include 
surrounding land uses.
RP3 - 61
Engineering Doctorate: Regenerating the Brownfields
Research Project 3: Grid Assessment Method
RP3.6 Discussion
The aim of this project is to provide a decision support tool for novice a decision maker 
that incorporates both qualitative and quantitative data to assess the extent of 
contamination on a site. The tool allows the user to combine data types in the process 
and in doing so it is hoped the user can interrogate the interaction between data types 
such as land uses and contaminants. This benefit was investigated through the use of the 
tool by a novice assessor. The feedback from the novice user included positive comment 
on the prescriptive nature of the input process and the clarity of the output charts. This 
type of feedback is reflective of the feedback from the novice user of the development 
guides in RP4, who also appreciated the structure offered by the support tool to help 
guide them through the data.
The tool has also been developed to estimate volumes of contaminated soil. The results 
of the comparison with RP2 site data have shown that the method over estimates the 
volumes of contaminated soil when compared to those of the industry practitioners and 
the actual site volumes in this case. These overestimates are similar to the methods used 
in RP2. An example of a factor contributing to over estimation was the use of a constant 
depth slice in the GR:ASS method. The lower slice in particular used a single maximum 
depth of made ground that was encountered. This would have contributed to greater 
volumes of contaminated Made Ground to be treated than may have been of concern on 
site. This highlights the need to take care in the purpose of the assessment. If the deeper 
materials are not of concern these can be excluded from the volume assessments and 
included in a lower layer. For example in the case of assessing soil contamination for a 
garden land use the top 1.0 m may be the limit of depth of concern (Nathanail etal., 2002, 
p 3-4). In the case of the novice user application, the user chose to select a depth 
representative of the strata on the site. The ability to split data into slices in the model 
allows for this assessor to make informed decision on the data to include in their 
assessment. Despite the over estimation of volumes the additional plots of certainty and 
the ability to separate out the individual components to the assessment, offered 
advantages over other volume estimation methods.
One criticism of the tool from the novice user was insufficient written help and guidance 
within the program to explain the required input. The difficulties in developing user guides 
have been discussed in TD6. One example of development in the success of user guides 
is the experiential guides. Mueller et al. (2009) have carried out research concerned with 
experiential user guides and how they can be designed to help the user understand the 
program and maximise usage. In these guides users guides are developed based on 
experiences of using a tool, rather than the description of how it should work. Further 
research would be required to develop an optimal guide; however some basic additional 
description has been included in the manual to respond to the user comments. ‘
One aspect that proved beneficial in the assessment was the use of the model as a basis 
for discussion of assumptions. On reviewing the data it was a simple process to 
interrogate the users’ assumptions as the judgements made about the contamination
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ratings for each land use and feature for example. It was also possible to review the 
guidance values used in the assessment of contaminants. By forcing explicit decisions 
throughout the assessment it was possible to support communication about assumptions 
made and the “why” questions that may otherwise have been missed. With the expert 
assessments of cases in the study described in RP1, the participants were asked to make 
notes and comments about the sites as they conducted the assessment. However 
capturing the underlying reasoning for decisions was not possible in this study. Arguably, 
a commercial report for the assessment of land contamination will cover the basis for the 
assessment in more detail than presented in the GR:ASS Method. The GR:ASS tool 
formalises the capture of judgements and allows a methodical approach to describing 
them.
To develop the functionality of the tool a number of objectives were identified. These 
included technical and human decision making aspects of the decision process that 
needed to be addressed. Firstly the inclusion of qualitative data. It is noted in industry 
guidance that to assess a site affected by contamination a holistic approach must be used 
including the consideration of site history and land uses (e.g Defra, 2004; NHBC et al, 
2008). The findings of RP2 suggest that the estimation of contaminated soil values 
carried out by experienced assessors uses an element of judgement that relates to 
information in addition to the quantitative data. This finding was also reflected in the 
approach to decision making found in RP1. In this study experienced assessors were 
found to favour the chemical test data over other information. They also required an 
understanding of how the site data fits together as a whole. In the present study the need 
for judgement and qualitative data is applied through the inclusion of qualitative data in the 
model. In the GR:ASS Method qualitative site data is combined with quantitative chemical 
test data explicitly through the application of the contamination ratings. The ability of the 
assessor to input these ratings and have a clear decision point where the available data 
must be interpreted and categorised will help in communication of these judgments. The 
use of the tool by a novice assessor showed that whilst these decision points were 
challenging for the user at first, their explicit nature allowed discussion of the reasoning 
behind them. When the tool is used by a novice the work is likely to be reviewed by a 
more experienced practitioner and it is hoped that discussions during such reviews will 
enhance the learning of the novice. It is noted in RP1 and TD3 that expertise involves 
more than just technical skills. An additional benefit of discussions between expert and 
novice may be that the opportunity to enquire about the more perceptual skills used by 
experts (such as those described by Klein, 1999) and could improve the learning process 
for the novice. The review process that was carried out to question the assumptions of 
the novice indicates that this may be possible, however further investigation of whether 
the novice found the process beneficial regarding more long-term learning is required to 
confirm this finding. The uncertainty in the data, in terms of the validity as an indication of 
contamination, can also be reflected in the contamination ratings. The uncertainty 
associated with the amount of available data is addressed through the data density plot 
which may then be used for the design of additional site investigation as areas with little 
known data are identified.
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Additional benefits of the method include the ability to store all of the land use data 
alongside key contamination test data and borehole descriptions, which offers a potential 
advantage for data management. Having all of the information in one place offers 
flexibility in the analysis process and ease of interrogation. For example the land use data 
can be directly related to potential contaminants which are then compared to the 
contaminants used in the assessment. As the tool is aimed at novices a prescriptive 
approach to data management is used. However, this may go against the needs of a 
more experienced assessor, who may not need to work through all available data so 
methodically to gain an overall appreciation for the site. Two of the key skills of an expert 
is the ability to see patterns in data identifying key issues, and also the ability to assess 
large amounts of data (Klein, 1999). As the expert is already skilled in analysing data in 
this way, a tool that formalises the process may be unnecessary to them. The issue 
comes in the ability to record judgements in legal contexts where decisions must be 
defendable. In these cases methodical recording of information is important even for 
experts.
The platform for development of the tool was VBA for MS Excel, which permitted the 
development of the prototype tool that has the potential to link with AGS formatted data. 
The user feedback on the tool raised some interesting points for further development of 
the program, including suggestions for an improved user interface. The user feedback 
also related to the use of MS Excel as a platform for development and highlighted some 
weaknesses of the tool for more commercial applications. These issues included the 
vulnerability of using macros, limited text-based outputs, and the potential variations in 
different versions of MS Excel affecting the performance of the tool. Despite the inherent 
drawbacks of using the platform, it is used for other industry tools such as the CLEA 
Model (EA, 2009b), although these tools are not based on spatial data. There are some 
improvements and extra controls on user input that could be applied to the existing 
version of the GR:ASS Method that would bring it more in line with other such 
applications, such as an input Wizard at the start of the program as used in the CLEA 
Model (EA, 2009b). However, it is noted that the prototype tool has reached the practical 
limits of VBA as a programming platform. Whilst sufficient for the development of a 
prototype for this research project, commercial application of the tool would require further 
development and testing. In this process other programming platforms may prove to be 
more appropriate. One example would be to adapt a web-based program to enable the 
coding to be restricted to one central source and users can then log onto the site to use 
the tool. Other platforms that are better designed for the comparison of spatial data could 
also be used for future development, such as a GIS system.
The tool is designed to offer decision support to novice assessors rather than act as an 
expert system that would replicate the decision making of experts (Klein and Methie, 
1990). The differences between such systems are discussed in TD3. Decision support 
systems are applied to ill-structured situations (Klein and Mathlie, 1990) that match well 
with the assessment of land affected by contamination The key feature of decision 
support is that the tool requires the user to make the final decision and simply offers 
support in the management and interrogation of the data. The GR:ASS Method is used to
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calculate a volume of material, however presents the data in such a way that permits the 
user to form a judgement about the output for themselves.
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RP3.7 Conclusion
The aim of this project is to provide a decision support tool for novice a decision maker 
that incorporates both qualitative and quantitative data to assess the extent of 
contamination on a site. The GR:ASS Method is a logic-based tool for assessing the 
severity and extent of contamination for the purpose of site investigation and remediation 
design. The prototype of the tool has been developed using VBA for Excel for the 
purpose of this research project. The tool is primarily aimed at supporting novice users to 
deal with varied and uncertain data. The volume estimation capabilities of the tool have 
been compared with the volume estimation techniques used in RP2. Experienced 
assessors in RP2 were found to include judgement and non numerical data in the 
estimation of volumes of contaminated soil. This finding is reflected in the GR:ASS 
Method. In both this project and RP2 the emphasis on transparency may help to lead the 
decision maker to explain their judgment and the reasoning behind assessments made. 
The method also supplies the novice user with a structure to follow that highlights the 
points where judgment is required as to the meaning of the data being used (i.e. 
application of contamination ratings). The results showed that the tool had additional 
benefits in the graphical displays over the other methods in RP2 by highlighting data 
contradictions and areas of limited information. The use of the worst available result for 
each data type did over estimate volumes of material, however a less conservative 
approach to the use of the data may overcome at least part of this issue. The use of all 
data rather than the worst result should be questioned if it leads to contaminant 
information being ignored for the benefit of consideration of a more average set of data. 
The weighted approaches (weighted sum and chemical priority) gave similar volumes that 
best matched the test site. These weighted approaches also best match the findings from 
RP 1 that suggest some data is more important than others in an assessment. The key 
restriction on the assessment of volumes in the tool was the estimation of the depth. To 
be consistent with the volume estimation methods in RP2, large slice depths were used in 
the assessment. In an independent assessment, the slice depths could be refined to best 
match the available data and provide a more refined volume calculation.
The weighting of data used in the combination methods has been based on the 
weightings for cues found from RP1 and are considered appropriate for housing land 
uses. Further research would be required to confirm these weightings for other land uses. 
The GR:ASS Method has been specifically designed to provide a transparent approach to 
combining information and highlights the uncertainties, links and contradictions in the 
data. These elements also reflect the expert approach to risk assessment found in the 
expert study (RP1).
The main benefits of the tool were the explicit inclusion of qualitative data available for the 
site. Where statistical interpolation methods may provide clearer plots of results the 
outputs can give a false sense of certainty. Without a way of allowing for this in the data 
presentation, it may be misleading when communicating contamination issues internally 
during the assessment process, or externally to a client or regulator.
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With regard to usability of the program the novice user highlighted some improvements to 
the user interface for the existing program that were applied, but overall found the tool to 
be easy to use and understand. One of the aims of this project was to demonstrate the 
use of such a tool to aid novice users. A broader testing to other novices would be 
required to confirm the findings, but the testing described here shows positive results. A 
key benefit found during the testing process was the ease with which the user decisions 
could be interrogated and their judgements questioned. Whilst the prototype was 
sufficient for the research purposes, there were some inherent limitations that relate to the 
use of VBA in MS Excel. The prototype version of the tool had also reached the practical 
limits of this programming platform for the processing of spatial data. For development to 
a commercial programme the tool would require significant testing and could also be 
written in an alternate programming platform that runs independently of MS Excel.
The tool has been specifically designed to provide a transparent approach to combining 
qualitative and quantitative information and highlights the uncertainties and any 
contradictions in the data. These elements reflect the expert approach to risk assessment 
discussed in TD3, the findings of the expert study (RP1) and contrasts observed between 
the novice and experienced decision makers in RP3. The difference in the view of novice 
and expert that was observed in reviewing the checklists used in RP4 is reflected in the 
GR:ASS Method. The GR:ASS Method focuses more on supporting the novice in 
decision making and offers a methodical approach to combining site data in doing so. In 
guiding the novice though the assessment process in a methodical way, and presenting 
the data explicitly, the GR:ASS Method may also be used to aid communication between 
expert and novice. Specifically it may help to facilitate feedback on the cognitive process 
and perceptual elements of the assessment of risk from land affected by contamination 
that go beyond the procedural approach.
RP3.7.1 Further Research
The areas of further work for this project are associated with two aspects; the 
development of the program and additional testing.
There are some areas of the user interface that could be improved to ensure 
that the user is clearly guided through the options. Some extra ‘fool proofing’ 
could be beneficial to ensure that the user completes the data input correctly. 
Also additional help functions may also prove beneficial for the prototype. 
Ultimately, for the development of the tool for commercial use extensive testing 
is required and alternate programming platforms would need to be considered.
There is potential for integration of the tool with other industry software. TD6 
includes a review of some such tools for the assessment of land affected by 
contamination. KeyCSM is one example that could be integrated with GR:ASS. 
KeyCSM is limited to the graphical representation of the conceptual site model 
and does not allow for any data analysis, which is where the GR:ASS Method 
may offer such added benefits. In addition the industry standard for electronic 
communication of site investigation data, AGS, is managed using a variety of
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tools. The input sheets for GR:ASS Method include the appropriate coding from 
AGS but have not been used to automate the input process. This would be a 
convenient addition to the tool.
Additional calculations and analyses of the chemical test data may be beneficial 
including some basic statistical analysis for results within a given user specified 
area, for example.
One of the limitations of the data is the restriction on chemical test data to be 
included in the assessment. The GR:ASS Method only includes soil test data. 
The justification for this relates to the focus on less mobile contaminants; 
however this may give a false impression of the importance of soil data over 
gas and water. Further research would be to include these elements in a 
simplified form to support the tool as a comprehensive assessment of a site, 
and would also ensure a more holistic approach to data management.
In general additional testing of the tool to a wide range of sites with different 
data densities would be useful. This could also include more extensive 
sensitivity checks on the impact of input parameters such as grid size.
Additional testing of the program by novice and experienced users may also 
highlight further development that would help to make the tool more accessible 
and readily integrated into standard assessments of land affected by 
contamination. Such additional testing may also be used to investigate the 
initial findings that the tool could be used to promote communication between 
assessors and support learning of novices.
RP3.7.2 Contribution to Knowledge
The Grid Assessment (GR:ASS) Method for land affected by contamination contributes to 
knowledge in the following ways;
1. The method uses both quantitative and qualitative data to apply contamination 
levels across the site, combining the information in a transparent way to assess 
the potential for contaminated soil across the site.
2. The weightings used for housing development have been based on the expert 
study conducted in RP1 and reflect the decision process used by industry 
experts. This offers a novel approach for the weighted combination of data for 
housing development sites.
3. The method uses a logic-based approach to combining all available information 
to estimate the extent of contamination.
4. The certainty of the outputs can be assessed using the data density plots and 
the combination plots. Transparent and defendable contingency planning for 
remediation costing can be developed using this information.
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5. The method also has a use for sites where chemical test data is sparse, 
common at early stages in the design process. In these cases the inclusion of 
additional qualitative data can help to fill the gaps in quantitative data.
6. The method offers a prescriptive and methodical approach to assessing site 
data that can support the needs of novice assessors. The inclusion of explicit 
judgements about contamination also permits the checking and discussion of 
assumptions made by the assessor.
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Related Portfolio Sections
The Technical Digests and Supporting Evidence relevant to the Developers Guide 
Research Project (RP4) are listed below.
Technical Digests:
i. TD1: Legislation
ii. TD2: Guidance and Best Practice
iii. TD3: Decision Making: Theories and Support Systems
Supporting Documents
Research Documents
i. Research Project Documents
a. Prototype Development Checklist: Planning and Design
b. Prototype Development Checklist: Geotechnics and Foundations
R P 4 - 4
Engineering Doctorate: Regenerating the Brownfields
Research Project 4: Developers Guides
RP4.1 Introduction
The sponsoring company, Tony Gee and Partners (TGP) have produced two prototype 
protocol documents for a housing developer to aid in the decision making during 
development of housing sites. The documents were in a checklist format to offer a 
systematic decision support tool. A comparison of feedback from a novice and an 
experienced developer on the usefulness of the protocol documents has been carried 
out. In addition the checklists were applied to a complex site as a form of initial 
validation of their ability to capture potential issues. It has not been the aim of this 
project to exhaustively test the protocol documents for commercial use, rather to use 
the documents as a basis for comparison of expert and novice approaches to a 
complex decision task.
The following section (Section RP4.2) describes in more detail the background drivers 
for this project; the decision context, decision makers and the features of expertise and 
training that are investigated. The project aims and objectives are detailed in Section 
RP4.3. For completeness the methods used in development of the protocols are 
explained in Section RP4.4. Section RP4.5 summarises the feedback and application 
of the development guides to an example development site. Finally Sections RP4.6 
and RP4.7 include a discussion of the results. The contribution to knowledge from this 
work, and suggested further research is included in Section RP4.7.
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RP4.2 Background to Study
Housing developers will be faced with a number of challenges and opportunities during 
the process of developing a site, whether it is Brownfield or not. The decisions made in 
early design stages can have large impacts on the development. A more efficient use 
may be made of the land available by adapting to existing features, for example 
designing the layout for the development to minimise re-profiling or drainage design. 
However encountering unforeseen ground conditions during construction may cause 
difficulties and wasted resources later on. The following sections describe the context 
for decisions in housing development, the decision makers involved and the role of 
expertise.
RP4.2.1 Decision Context
In recent years in the UK, Brownfield land is being increasingly used for housing 
development. Part of this increased demand can be attributed to the government target 
for 200,000 new homes to be built per year by 2016 (HM Treasury, 2007), 60% of which 
are to be located on Brownfield land (ODPM, 2003). The term Brownfield land, also 
referred to as previously developed land, is defined as land that has been previously 
developed to include a permanent structure, and maybe vacant or occupied 
(Communities and Local Government, 2006). Due to the nature of such land 
anthropogenic activities will have lead to physical and possibly chemical hazards that 
need to be removed or adapted for the new development. The hazards faced may 
include; ground gases (Coventry City Council, 2004), expanding clay soils (Crilly, 2001; 
Wynn, 2004), and vegetation (Plante, 1998; Burford, 1993). Brownfield land includes 
land affected by contamination, however the two are not inextricably linked. Technical 
Digest 1: Legislation (TD1) details the legal definition of contaminated land. The 
advantages of such land are that it may have established links with transport and 
service networks as well as other similar benefits from previous land uses; it may also 
be available at a lower cost due to possible increased risks during development.
The main features that characterise the decision context that housing developers face 
as they progress through a development include the legal context, time frames, 
information available and the decision stakes. Each aspect is described in more detail 
below.
Legal Context: Housing developers will need to make decisions early in the planning 
stages to ensure they comply with the planning regime. There are many technical 
areas to be considered including, contaminated land, flood risk and ecological impacts. 
Depending on the size of the development the regulatory requirements may vary. For 
example, the ancillary works associated with very large developments or those situated 
close to an environmentally sensitive area may need an Environmental Impact 
Assessment (ElA) as a legal requirement under The Town and Country Planning 
(Environmental Impact Assessment) (England and Wales) Regulations 1999 explained 
in ODPM Guidance (ODPM, 1999). There are also considerations for the building
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regulations and design of the houses and ancillary works such as services and access 
routes.
Time Frame: The development process may span several months or even years, during 
which time several decision points will be passed. The time available for individual 
decisions will vary.
Available Information /  Basis for Decision: The biggest potential for influencing the 
development will be in the early stages; this is also the point when least is known about 
the site. As discussed in previous research projects the available information in early 
assessment stages will be mostly qualitative with some quantitative information if 
previous investigations have been completed. The development process will require 
knowledge of the ground conditions, including hydrological features, as well as the local 
topography, ecology and social features of the surrounding area that will influence the 
development. There may be large uncertainties and unknowns about the site that will 
be addressed through assessments as the development progresses.
Decision Stakes: The developer will be under pressure to ensure the timely delivery of 
the development within budget to maximise profits. The risks to achieving this goal will 
be associated with the physical features of the site as well as the political issues from 
the need for planning approval from the local planning authority. For example if ground 
related hazards are not dealt with appropriately and subsequent issues arise (such as 
inadequate assessment of soft ground conditions leading to long term settlement) then 
costly remediation measures and legal proceedings may follow.
RP4.2.2 Decision Makers
The main decision makers in housing development projects are:
Client (developer / site owner): this is the individual / organisation that is 
carrying out or commissioning the development, and will control the budget 
available for it. The vested interest of this party is the need to meet legal 
requirements and planning conditions and to ensure that the project is 
delivered on time and in budget. The developers’ key motivation is to make a 
profit on the development in hand.
- Consultant / Assessor: This is the individual / organisation employed to carry 
out the design of the development. There are likely to be a number of parties 
involved in a housing development each supplying a specialism required for 
the project. The consultants role is to provide expertise to the client, this may 
be in terms of a design or an assessment of the existing site conditions / 
impacts of the development (for an Environmental Impact Assessment (EIA) 
for example). The consultant should provide impartial advice to the client and 
help them meet legal requirements for professional assessments where 
appropriate.
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Regulator / Planning Authority: The planning authority will review the plans 
and designs for the development and have the power to approve the 
proposals and impose planning conditions. A Section 106 agreement is often 
in place whereby the local authority can enter into an agreement with a 
developer to set additional requirements that that make the development 
more acceptable for planning (ODPM, 2005). This may be additional 
services or infrastructure improvements for example. There will be a number 
of stages at which the planning authority will be involved and require 
submissions from the developer.
The interactions of these parties may be complex and overlapping. The whole 
development process will be controlled by a project manager within the client 
organisation who will be responsible for employing appropriate specialists to meet the 
development needs and interacting with the regulators. The project manager involved 
may not have expert knowledge in each of the aspects of a development but must be 
able to ensure all requirements are met. With this in mind a sound quality management 
system will be needed to ensure that the right information is assessed and recorded for 
future reference and reporting to regulators.
Most large commercial organisations will have attained ISO:9001 (ISO, 2010) 
accreditation as an independent recognition of management procedures.
“ISO 9001:2008 is the standard that provides a set of standardized 
requirements for a quality management system, regardless of what the 
user organization does, its size, or whether it is in the private, or public 
sector."(ISO, 2010)
This standard aims to ensure that a company can produce consistent quality in their 
outputs, in the case of a developer the output is a housing development. The fact that 
the standard is to be applied to any organisation in any sector means it cannot cover 
the technical details of organisations day to day functions. There is a need for 
organisations to develop their own internal systems that deal with technical aspects. In 
the case of housing development the house builder may wish to provide a warranty for 
new build homes. The National House-Building Council (NHBC) supplies such 
insurances to approved homes. The NHBC Standards provide the technical 
requirements, performance standards and guidance for the design and construction of 
new homes that meet NHBC approvals (NHBC, 2010). To meet these requirements 
and provide consistent quality in the developments all of the potential hazards on a site 
must be considered and addressed where appropriate. To capture these assessments 
and meet the required standards a more prescriptive support tool is required. The 
following section considers the features of decision making process used at different 
levels of expertise and how this may fit with a prescriptive tool required to meet the 
needs of the decision task.
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RP4.2.3 Experts and Novices
The original focus of the documents required by the client was to provide a decision 
support tool to act as a checklist for the project managers of housing developments. 
The user of the documents would therefore be experienced and possess a level of 
expertise. The documents were also required to provide a means of capturing 
opportunities and possible risks to developments for internal quality management.
In TD3 the differences between experts and novices was discussed. Johnson, (1988) 
noted that the advantages of expertise are most notable in domains where there is a 
need to interpret ambiguous information and understand underlying causal 
relationships. As noted above, the context of a housing development reflects this type 
of scenario, especially in the early design phases. The ability of experts to use a limited 
amount of information to make decisions is advantageous as it reduces the time to 
make the decision and improves efficiency in the decision making process. However, it 
is also considered by others that experts may make inferior decisions as the use of 
limited information can lead to biases. Experts may also be easily influenced by 
irrelevant information (Gaeth and Shanteu, 1984). Therefore a balance is needed 
between the use of less information for faster decision making and the potential for 
possible bias. One of the skills of an expert is self awareness and the knowledge of 
one’s own limitations (Klein et al, 1995); a useful skill in this case.
The approach of the professionals (architects and psychotherapists) to unique problems 
(a new design problem or a new patient) in a study by Schon (1983) involved drawing 
on past experiences and previous familiar scenarios to look for metaphors or examples 
of the type of problem being faced; the type of decision that may be associated with 
bias. The fact that the new situation has not been encountered before does not cause 
the professional in question to dismiss past experiences; rather look to them for 
similarities with the current new situation.
The individuals involved in a housing development from within the developers 
organisation, will range from experts with many years experience, to novices new to the 
industry. The approach of these different levels of assessors will vary. In contrast to 
novices when faced with a problem, expert decision makers have been shown to spend 
more time in the problem framing stage rather than devising a solution (Randel, Pugh, 
and Reed, 1996). It appears that for an expert, once the situation is understood the 
required course of action becomes obvious from their experiences.
The differences between expert and novice can be related to the stages in the 
development of an expert. Anderson, (1985) describes three stages of knowledge 
acquisition that are representative of a cognitive psychologist’s view of the process. 
The stages are cognitive (thinking about how to solve the problem), associative (using 
past experiences) and autonomous (more instinctive decision making). As the decision 
making process evolves with experience so does the type of support system required.
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Training and experience are required to progress from a novice to an expert. The 
quality of both experienced and training will influence the progression from novice to 
expert. Ericsson et al. (2007) suggest that experts not only practice deliberately to gain 
the most out of their experiences, but also think deliberately; rather than just acting 
there is planning involved. In executing deliberate practice the expert is continually 
aiming to eliminate their weaknesses. One feature of this is to use expert mentors to 
offer feedback and advice. To be able to use such a mentor efficiently the less 
experienced practitioner must be able to communicate their decision making process 
effectively and be able to ask the right questions. To become and remain an expert 
takes time and deliberate attention to the practice of the expert’s skill.
RP4.2.4 Document Development
The prototype documents themselves were initially developed in 2007 by the 
sponsoring company, Tony Gee and Partners LLP (TGP), in response to a request form 
a housing developer to produce a protocol to aid in the development of housing sites. 
The original brief was to provide a checklist style document to capture issues 
associated with geotechnical hazards and foundation design of housing developments.
A secondary requirement from the client was the need for some typical foundation 
solutions that may be applicable for a range of ground conditions. This particular 
request was incorporated into the Development Checklist for Geotechnics and 
Foundations. Following on from this, a second protocol document was requested to 
help ensure the smooth passage through the planning process and to identify more 
general hazards and opportunities on the site. The Development Checklist for Planning 
and Design was produced.
Both documents were developed to a prototype stage for checking, testing and 
refinement after client review. Complete copies of both of the prototype developments 
are supplied in the supporting documents for this Research Project. The documents 
were issued to the client for review however, due to changes in the management 
structure and a decline in the housing market, the further development and commercial 
application of the protocols within the client company was put on hold.
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RP4.3 Study Aims and Objectives
The two prototype guidance documents have been used for this study focus on:
1. geotechnical and foundation design, and
2. the planning process.
These prototype documents provide a series of checklists of considerations to help 
manage large amounts of site information and understand the potential risks and 
opportunities of a housing development site. In addition to the main checklists a 
summary of key issues was also included to act as a quick reference for project 
managers. From the literature noted above it is expected that novices and experts will 
approach complex decision scenarios differently. The research aim for this study was 
to use the documents as a basis for comparison of expert and novice approaches to a 
complex decision task. To achieve this aim the following objectives were set:
1. to assess the completeness and effectiveness of the checklists produced, 
and
2. to gain and compare feedback on the content and style of the documents 
from an experienced house builder and a novice.
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RP4.3.2 Portfolio Context
The research described interacts with the work carried out in other research projects in 
this portfolio. One key theme running throughout the EngD is the difference between 
the expert and the novice practitioners, illustrated in this research project. Specific links 
to other projects are discussed below.
Research Report 1 (RP1): The expert survey is focussed on observing and recording 
the decision processes used by experts in the assessment of risk from contamination 
for housing developments. The current study compliments this by directly comparing 
the decision approaches of experts and novices in the same housing context.
Both Research Project 2 (RP2) Volume Estimation Techniques and Grid Assessment 
Method (RP3) are reflective of the needs of the decision maker to deal with uncertainty 
and limited information to make a judgment-based decision. In RP2 the volume 
estimation techniques have been developed to offer a transparent method for assessing 
sparse and uncertain data. The present study continues the promotion of transparent 
decision making with the inclusion of uncertainty capturing as an objective for the 
checklists.
Research Report 3 (RP3): Grid Assessment (GR:ASS) Method describes the 
development of a tool to guide less experienced practitioners through the use of 
qualitative and quantitative data in the assessment of the extent of contamination on a 
site. The tool is MS Excel-based and looks to combine the qualitative and quantitative 
spatial information about a site to assess the likely severity and extent of contamination 
for volume estimation. The present study also looks to support less experienced 
practitioners in combining a variety of data about a site. The nature of the higher level 
decision making in the present study has lead to a checklist approach rather than 
development of software.
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RP4.4 Method
Two guides have been developed; “Geotechnics and Foundations” and “Planning and 
Design”. The development of the guides included reviewing legislative and technical 
requirements for housing developments. Full copies of the documents can be found in 
the Supporting Documents for this research report. The documents were developed to 
a prototype stage and as such had not undergone the extensive testing process 
required for commercial application. However, the development of the documents was 
detailed and included the review of a breadth of industry guidance and legislative 
requirements, described below. The prototype documents that were produced were 
reviewed an expert user and applied to a trial site by a novice user. The results of the 
application and review process are described in Section RP4.5 below.
RP4.4.1 Legislative and Technical Requirements
For each of the guides the relevant regulatory literature was reviewed to identify 
essential inclusions in the checklist. Then more general industry guidance was 
considered to ensure that the documents promoted best practice. The documents that 
were reviewed included:
legislation,
planning requirements and conditions,
industry guidance specific to housing development,
industry guidance for more general construction.
The specific areas of interest for each guide are briefly discussed below. The 
documents themselves include the detailed requirements of the literature and reference 
lists. To limit repetition a summary is provided here.
Development Checklist: Geotechnics and Foundations
The site investigation and data collection phases play a significant role in this protocol. 
The main focus of any good site investigation is to identify the potential hazards on a 
site that will need to be considered in the design. This objective becomes even more 
important when developing a Brownfield site where the risks of contamination or 
physical obstructions, for example, are even greater. Further to this, the current 
pressures to meet the increasing housing demand across the UK leads to consideration 
of areas previously thought to be too difficult to develop, such as flood plains and 
Brownfield land. These sites with potential hazards can offer developers a high return 
on their investment; however this also comes at a greater risk to the design. By 
completing a thorough investigation prior to development these risks can be minimised.
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A full list of references is included in the document, key references include;
- National House-Building Council (NHBC) Standards (NHBC, 2006). These 
standards are produced by the NHBC, an independent organisation offering 
services and warrenties for builders. The standards “provide the benchmark 
for acceptable levels of design, material specification and workmanship for 
newly-built homes registered with NHBC." (NHBC, n.d.) The standards 
themselves were the relevant revision at the time of developing the 
checklists.
British Standards (BS); BS5930:1999 Code of Practice for Site Investigations 
(BSI, 1999) A national standard in the UK for site investigation design and 
site works including sampling and testing of soils.
Association of Geotechnical and Geo-environmental Specialists (AGS) 
guidance (AGS, 2000; AGS, 2006). A trade organisation is “a non-profit 
making trade association established to improve the profile and quality of 
geotechnical and geoenvironmental engineering (AGS, n.d.)
Development Checklist: Planning and Design
To make any significant changes to a site, as in those associated with most 
redevelopment projects, permission must be sought from the planning authority. 
Brownfield developments may be affected by land contamination (TD1 focuses on the 
regulation associated with contaminated land assessment). Many other requirements 
will also exist (including flooding for example) for these and other sites, and are covered 
in the checklist. Much of the literature review for this guide was carried out by others. 
However, the collation of the information, editing of the document to a format consistent 
with The Development Checklist: Geotechnics and Foundations””, and validation 
process were part of this research project.
A full list of references is included in the document. Some examples include;
Legislation / Planning Regime:
Construction (Design & Management) (CDM) Regulations 2007. This is 
legislation that applies to the health and safety aspects of construction 
projects and outines the responsibilities of the parties involved.
Planning Policy Statement (PPS), PPS3: Housing (Communities and 
Local Government, 2006). This document underpins the UK 
Government approach to providing affordable housing for UK residents.
Standards:
British Standards (BS) e.g. BS10175: 2001 Investigation of Potentially 
Contaminated Sites -  Code of Practice (BSI, 2001). Similar to BS5930
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this standard is related to site investigaiton design and practices, but is 
focussed on the needs of contamianted land.
NHBC (2007) NHBC Standards (NHBC, 2007). As in the Geotechnics 
and Foundations Guide, however the document was developed later and 
so the newer version of NHBC guidance was used.
- Industry Guidance:
Construction Industry Research and Information Association (CIRIA) 
Reports e.g. Report C624: Development and Flood Risk -  Guidance for 
the Construction Industry (CIRIA, 2004). This specific guidance relates 
to the assessment and management of flood risk in the UK.
RP4.4.2 Document Contents
The contents of each document were developed to split the checklist into sections that 
reflected the stages of the decision process. These are described below for each of the 
guides.
Development Checklist: Geotechnics and Foundations
The guide is to be used by a housing developer to help:
Identify hazards on a site. Key issues are; flooding and drainage, specific 
soil typesl, land contamination, ground movement and ecology.
Select appropriate mitigation measures (predominantly in terms of foundation 
design).
Comply with industry guidance and standards including NHBC Standards and 
relevant British Standards (BS).
The process of hazard identification and management that is required during the 
planning, design and construction phases of a development are summarised in the 
following figure. The associated stages in the checklist are described in more detail 
below.
1 The document includes a list soil types with known issues such as; clays, soft peat or silts and rock types with known 
hazards such as limestone or chalk that may be associated with solution features. However, as with all technical content 
in the documents, these lists have not been fully tested and are not an exhaustive list of potential hazards.
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HAZARDS
FOUND
HAZARDS
UNLIKELY
HAZARDS
POSSIBLE
HAZARDS
POSSIBLE
UNFORESEEN
HAZARDS
NO
HAZARDS
FOUND
NO
HAZARDS
FOUND
NO
HAZARDS
FOUND
INITIAL
ASSESSMENT
CONSTRUCTION
STARTS
CONSTRUCTION
COMPLETE
BASIC
INVESTIGATION
DETAILED
INVESTIGATION
INVESTIGATE & 
MANAGE 
HAZARDS
DOCUMENTATION 
& VALIDATION
Figure RP4.1 Flow diagram for the Development Checklist: Geotechnics and
Foundations
Figure RP4.2 shows the activities for each of the stages included in the document and 
the output expected at each stage.
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If any hazards
identified
Detailed
Investigation
required
If any hazards
identified
Detailed
Investigation
required
The following additional stages are relevant to sites affected by hazards.
Design of 
detailed 
investigations 
should be 
carried out by 
a suitable 
specialist/ 
consultant
Design of 
mitigation 
measures 
should be 
carried out by 
a suitable 
specialist /  
consultant
Figure RP4.2 Stages used in the Development Checklist: Geotechnics and
Foundations
The stages shown in Figure RP4.2 above progress through information gathering and 
assessment of ground related hazards. Each of the stages shown in Figure RP4.2 is 
explained below.
SITES WITH SUSPECTED HAZARDS
STAGE 4: DETAILED INVESTIGATION
ACTIVITIES
Investigation holes Extent and severity
Testing B a y  of suspected
Other relevant r  hazards
investigations
STAGE 5: HAZARD MITIGATION
Hazard Action List for general notes on hazard mitigation 
Hazard Mitigation for specific key issues;
■ Ground Stability
■ Contamination
ALL SITES
STAGE 1: INITIAL ASSESSMENT
ACTIVITIES
Desk Study 
Site walkover 
survey
Site history 
Current land use 
Ground conditions 
Ecology 
Services
STAGE 2: BASIC GROUND INVESTIGATION
ACTIVITIES
Trial Pits 
Boreholes 
Contamination tests 
Geotechnical tests
Ground condition 
(logs and tests) 
Ground water level 
Contamination
STAGE 3: HAZARD SUMMARY
A summary of potential hazards that can be identified from the Initial 
Assessment and Basic Ground Investigation.
Should any of these hazards be applicable to the site a Detailed 
Investigation is required. NHBC must be notified in writing of any sites 
with hazards 8 weeks prior to work commencing on site.
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1. Stage 1: Initial Assessment — this stage includes a desk study and site 
walkover to gain a basic understanding of the site condition, past and 
present. A checklist has been compiled of key indicators of hazards, for 
example the condition of vegetation on or next to the site can indicate 
possible land contamination.
2. Stage 2: Basic Ground Investigation -  a requirement of the NHBC Standards 
for all sites. The investigation is used to ascertain basic properties of the sub 
soil for foundation design and confirm whether land contamination is an issue 
on the site. The document includes guidance as to the minimum 
requirements of the investigations and suggested activities.
3. Stage 3: Hazard Summary -  should any hazards be suspected or identified 
on the site the developer is required by NHBC Standards, to carry out a 
detailed investigation and, where necessary, include mitigation measures in 
the design. The document includes a simple tick box style table for the user 
to check the relevance of hazards to the site.
4. Stage 4: Detailed Investigation -  The specifics of this will depend on the 
hazard being investigated. The guide points to some key elements of a 
detailed investigation.
5. Stage 5: Hazard Mitigation -  As with the detailed design this will depend on 
the specific hazard of concern. The guide includes a summary of ground 
improvement measures and foundation solutions that could be used for sites 
where ground movement is of concern. There is also a precis of the process 
for dealing with contaminated land.
The whole document is summarised with a single page checklist to ensure each stage 
has been completed. The summary page also includes a matrix of site hazards that 
can be checked off for assessment and mitigation as appropriate.
Development Checklist: Planning and Design
The guide is designed to run chronologically through the development process with 
planning, design and assessment stages highlighted throughout. The following figure 
summarises the planning, design and construction stages as they appear in the guide 
with a description of the different types of procedures, planning, assessment and design 
given below.
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REQUIREMENTS
DOCUMENTS
ADDITIONAL^
REQUIREMENTS
r  PLANNING 
REQUIREMENTS
KEY DESIGN 
FEATURES
SUSTAINABLE 
DESIGN APPRAISAL
CONTEXT AND SITE 
APPRAISAL
DESIGN CONCEPTS
CONSTRUCTION
DETAILED
DESIGN
ADDITIONAL
CONSULTATION
CONSTRUCTION
CONSENT
INITIAL
CONSULTATION
DETAILED 
PLANNING APPROVAL
OUTLINE 
PLANNING APPROVAL
Figure RP4.3 Flow diagram for the Development Checklist: Planning and Design
The following figure shows the stages included in the document and the output 
expected at each stage.
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In terms of the planning procedure guidance is given for the following stages:
- Initial Consultation - including local authority and other key stakeholders (Stage 
1).
Planning Approval - Outline and Full (Stage 6).
- Application for Construction Consent (Stage 8).
With regard to assessment stages, where information about the site is reviewed before 
progression with design or planning, the following are included:
Context and Site Appraisal -  existing information about the site is reviewed prior 
to design (Stage 2).
- Sustainable Design Appraisal -  review of the progress towards sustainable 
development ideals (Stage 5).
The third aspect of the development process is design, where the site constraints and 
opportunities and requirements are brought together. The stages included in this guide 
are as follows:
Summary of Design Features -  the initial consultation and context and site 
appraisal are brought together to set the key issues (Stage 3).
Design Concepts -  A detailed appraisal of the constraints and opportunities on 
the site to produce an outline design for the site. (Stage 4).
Detailed Design -  After planning approval has been granted the detail design of 
the site can commence. (Stage?).
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RP4.5 Application and Review
The document application and review process was carried out in two stages, initially the 
documents were reviewed by an experienced developer, and secondly the documents 
were applied to a real site by a novice user. For the second stage a student engineer 
with no prior experience as a housing developer was asked to assess a site.
The documents were applied to a test site that was known to have encountered 
unforeseen issues in the construction phase of the development. The documents could 
therefore be applied using the original design information available to assess whether 
their application could have prevented any of the subsequent issues, and then again using 
the full data available for the site to ensure all issues had been addressed. In addition to 
assessing the use of the documents in this way, the application of the documents was 
carried out by a novice user to assess the use as a training tool, and to ensure there was 
not over reliance in any areas on the expertise of the user. A tertiary aim of the review that 
was considered was the inclusion of sustainable development ideals; however time and 
resource limitations restricted the level of this analysis.
RP4.5.1 Expert Feedback
The expert review was carried out with an experienced housing developer. The reviewer 
was part of a subsidiary group associated with the client organisation that originally 
commissioned the documents. The role of the subsidiary group was to manage the 
enabling works for large development sites, including key infrastructure, ground re- 
profiling and the installation of services. The large sites were then divided up and sold off 
to house builders to develop in plots of approximately 80 houses. As such the work that 
the reviewer carried out on a day to day basis was outside of the core operations of a pure 
house building operation, but still very relevant to the issues in the documents. The 
expert reviewer was also not involved in the commissioning of the documents or aware of 
their development prior to the review.
The reviewer was supplied summary documents in advance of a face to face meeting 
where a review of all of the documents was conducted. The initial reactions included 
some negative comments regarding the use of the documents by experts including:
- the detailed checklist could be considered inappropriate for an experienced 
developer,
the reviewer noted that in their experience, mental checklists were used already 
and there was not a need for a written one, and
the ultimate question raised; “who is the document for?”.
The reviewer suggested that from their perspective there was a need for possible 
solutions to potential hazards on a site rather than a prompt to ensure that the hazards 
had been identified. The need to understand the consequences of issues identified was 
highlighted and costs were noted as being the most significant factor in a development 
project. This combined to a need to include a “so what” level of assessment in the
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checklist; i.e. if a hazard is found, how does that affect the development and what needs 
to be done about it. The reviewer suggested a casebook of problem sites and typical 
solutions may be of use to address this requirement. When questioned on the general 
process followed in a housing development the reviewer suggested that as issues arise in 
the development process then specialists are employed to address them.
The positive aspects of the document were that the content was considered to be 
comprehensive, with a few minor questions raised about detailed elements such as the 
inclusion of asbestos surveys as a key requirement. The reviewer noted that the 
document would be a useful aid for an inexperienced developer who needed to be made 
aware of the issues to be considered, and that it could be used as a training tool.
General comments were also gathered about developers and the client company. It was 
noted that there was a lack of internal guidance documents or checklists used within the 
company. As noted above, consultants were employed as needed to deal with issues as 
they arise. This was described as a more natural sequence of events where the use of 
consultants occurred when the developer comes across an issue and doesn’t have the 
answer themselves. When selecting a specialist a core set of consultants will be used 
with a known track record. Very little in-house design would be carried out (mostly due to 
the required insurances for such work). Technical managers within the company would 
manage site developments.
From the reviewers’ own experiences a flexible approach would be taken to profiling the 
ground levels on a site. This would be to allow for requirements imposed by designers or 
the planning authority, and any need to deal with contaminated land or flooding on site. 
The enabling works would include dealing with contamination for the services, access and 
re-profiling works themselves, but house builders that buy plots of land would need to do 
their own investigations for foundations and contamination requirements.
In terms of the inexperienced developers coming into the industry, the reviewer noted that, 
recent changes meant that more generalists were being employed having completed a 
course specifically in development without any technical or engineering background. 
These courses were thought to be more project management-based than technical. It 
was suggested that the checklist document may be more useful for this kind of developer, 
to support their understanding of the technical requirements of a housing development.
When asked about the potential increase in the use of more challenging Brownfield sites 
to meet government targets the reviewer noted there had been no noticeable increase in 
developing more difficult sites. The argument presented was that these sites had 
previously been used and had presented the potential for profitable development if 
developed well.
RP4.5.2 Phased Assessment
The site selected for assessment had a completed development and was known to have 
encountered unforeseen hazards during the construction process, impeding the 
development. The aim was to see whether having completed the assessment using the 
initial data the key hazards would have been identified in the checklist and further
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investigation would have been prompted. A second assessment using all data was also 
carried out to ensure that the issues included in the checklist were addressed.
The Site
The site was 11 hectares in size and due to be developed for 300 new homes. Planning 
permission was granted with conditions in 2003 and construction began in 2006. 
Problems on site during construction lead to some re-design and further investigation 
around this time. The key issues that were not fully addressed or needed modification 
during construction phase are summarised below.
The site was previously used for gravel pits, however the extent of the quarry 
was found to be much larger than anticipated from historic maps used in earlier 
assessments. Aerial photography showed the full extent of the pits but was not 
included in the earlier desk study report.
A contamination assessment was required by planning conditions but was 
inadequately assessed initially. A specific issue that needed to be addressed 
through latter investigations was the presence of ground gasses.
Foundation design was inadequate as deep chalk channels were present on 
site that were not fully addressed in initial design.
Extensive munitions were encountered on site during excavation; a survey for 
ordinance found large numbers of bullets and casings.
The information available for the initial design and the subsequent assessments and re­
designs are summarised in the following table. The uses of the information in each phase 
of applying the checklist documents are also noted.
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Date Information / Event
Nov. 1998 to Nov. 
2000
Local Council carry out site investigations.
Reports, refer to C 0 2 and/or asbestos and need for future 
reports
y—
O
2002 Geological MACC geophysical survey report (potential for unexploded ordinance on site)
(0
<0
JZ
Q.
2003 Planning permission granted with conditions
2004 Desk Study report published by consultancy
2005/2006 Construction starts on site, removal of landfill and replacement of material
May 2006 Site investigation for pilling
CM
2006 Pilling design revised
©
V)
(0
JO
2006 Removed landfill on site and stock-piled
CL
Mid 2007 Additional site investigations carried out including additional MACC geophysical survey
June/July 2007 Water monitors and gas wells put in.
Table RP4.1 Events in the development of the test site
The site hazards / features of concern are listed in Table RP4.2 below with an indication 
whether the hazard was identified at design stage. The final column indicates at which 
point in the Guidance documents the hazard would have been identified and what further 
investigation may have been prompted.
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Aspect Description Identified in Design?
Did Guidance 
Documents 
Identify 
Aspect?
Flood plane Site falls within a flood zone and so levels were across site by 2m (also adds a 
protection capping for contamination)
Yes Yes
Groundwater
protection
Site falls within an inner source protection 
zone as abstraction points close to the site 
(<100m). Groundwater quality of concern
Yes Yes
Filled Pits
Gravel pits were excavated for 
construction of a local airfield during 2nd 
world war.
Initial assumption was that 3 ponds shown 
on historical maps were the full extent of 
excavations.
Later shown from aerial photos that fill 
extended across whole central field 
Pit depths were to approximately 5 m 
depth where groundwater levels were 
struck.
It was hard to tell depth of the pits from 
logs due to nature of back fill used which 
could be mistaken for natural material -  
when extracting the gravel the operators 
had left fines and silty material in the pit 
that was part of the original natural strata.
Yes - limited
Phase 1 
investigation 
data was 
identified as 
limited
Aerial photos 
are listed as 
possible source 
of information 
that should be 
consulted 
during
development
Chalk channel 
/  Foundation 
design
Initial design: piles 15-17m long to chalk
Chalk level varies significantly across the 
site and includes filled chalk valleys (from 
near surface to 25 m below ground level)
Redesigned to use 5m stone columns and 
raft onto the fill material
-
Yes -  
associated 
potential for 
settlement 
noted
Ground gas
Gas protection measures required on 
some houses: Protection from high gas 
concentrations encountered during 
monitoring in later stages
No Yes
Table RP4.2 Site hazards and features
The site issues that arose during construction would have been identified as potential 
hazards requiring further investigation from the early site data. Form this point of view the 
documents were successful. The user interface aspect was also considered during the 
assessment as well as the ability to teach a novice user what aspects require 
consideration. The findings from this part of the validation are described below.
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RP4.5.3 Novice User Feedback
A student engineer was used to assess the site-based on information from the initial 
design phase and then again using information used in final design. Alongside the 
technical aspects, consideration was given to the documents ‘usability’ and 
appropriateness for less experienced developers. Initial feedback from experienced 
assessors was that the main use would be as a training tool rather than a quality 
assurance document. The feedback from such a novice is summarised below.
In general the use of the guide had positive feedback including the following specific 
aspects:
The ‘Geotechnics and Foundations’ report will be useful as a management tool 
to highlight key issues arising at all stages of the investigation:
This document was described as being sufficiently self explanatory in terms 
of how to fill it in.
The user felt that the document acted as a summary of the desk study 
report and gave a useful structure to reviewing such desk study reports and 
similar documents.
The hazard summary was particularly useful; however, the column titles 
were slightly unclear in their meaning on this table. It was noted that the 
point of the assessment is to act as a summary to prompt action to deal 
with issues although an addition of a comment column could help with 
tracking the progress of actions stating what was done about it.
For the ‘Planning and Design’ checklist the target audience is less clear cut. 
Because of the level of detail involved, it was considered less useful as a 
management tool, however it was noted that much of the detailed assessment 
was contained in appendices rather than the main document. The user agreed 
that the checklist would be more useful as a training document for ‘first-timers’ 
that had limited experience in conducting assessments of housing development 
sites.
The documents highlighted what else could be wrong with the site, and as such 
aided in “confirming the negatives”. In doing so it was felt that the documents 
could be used to make sure all of the potential issues have at least been 
considered.
- The user felt that the documents may best serve as personal records that 
issues have been considered rather than a document to be published outside of 
the organisation.
The user also expected an experienced developer to be able to work through 
the assessment quickly.
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Some improvements were suggested by the novice user and these are summarised 
below:
Specific issues relating to the format of the document and the questions being 
asked of the assessor included the following items:
Addition of comment columns in the summary and hazard tables to allow 
referencing and general comments for follow up issues where there is 
insufficient data. This related to the Geotechnical and Foundations 
document specifically.
- It was often felt that the checklist would have benefitted from a section that 
allowed the checker to make additional comments, or to prompt further 
actions. In discussion with the novice user this was referred to as a column 
where the implications of identified hazards could be better reported.
It was considered useful to have a way of rating the level of risk on the 
hazard summary (H/M/L) to allow the assessor to prioritise the issues. It 
was similarly suggested that the checklists would have benefitted from a 
scale, rating the level of risk associated with hazards and the level of 
certainty in the current understanding of the properties of the site.
Improvements needed to be made to the format of the document and the 
style of questioning used for some of the check boxes. However, the main 
content of the document offered a useful tool and had proven to be 
successful in identifying the key hazards that could affect a development.
- Better definition of the document user and the context for use.
One issue noted by the user of the document was that in this case the user did not have 
access to the decision making process of the developer and so was unsure of some of the 
wider issues that may influence decisions. As such it was more difficult to say what was 
done in early design stages and for what reason. It was also noted that the assessment 
took some time (1.5 days), mostly associated with gaining an understanding of the site 
and the history of events. The user suggested that the actual developers involved in a 
project would have a much better understanding of the site and would complete the 
documents over time as information became available. So the limitations of a 
retrospective assessment were not considered to be a prohibitive issue for this validation 
process.
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RP4.6 Discussion
This project has involved the application and review of two prototype decision support 
documents; ‘Development Checklist for Geotechnics and Foundations’ and ‘Development 
Checklist for Planning and Design’. The application and review of these documents has 
focussed on two areas; technical validity in terms of the ability to support site 
assessments and usability for both an experienced developer and a novice.
The results from the application of the documents to a site with known hazards found that 
the documents were technically successful at identifying hazards at the test site. 
However, it is recognised that a full and thorough validation process would be required to 
test the documents before confirming their ability to identify hazards for all types of site. 
The site issues that arose during construction of the case site would have been identified 
as potential hazards and requiring further investigation, even from the early site data. In 
this case the use of the documents at an early stage may have promoted further 
assessment and removed the unforeseen nature of the hazards encountered. The 
knowledge of problems on a site means that the costs associated with their mitigation can 
be calculated. The experienced reviewer made the point that costs are the most 
important driver in a development as the companies involved are in business to make 
profits. It is recognised that to fully appreciate the benefits and limitations of the 
documents a more extensive testing on a wide range of sites would be required.
The literature discussed in RP4.2 highlights some differences between experts and 
novices. One issue faced with novices, as opposed to experts, is the potential to be 
overloaded with information as the novice is unable to organise the data into a familiar 
pattern, and filter the key elements. In the expert study described in RP1 it was noted that 
experts were able to filter key information to make a judgement about risk. Literature 
discussed in TD3 also notes that characteristics of expertise include pattern recognitions 
and the ability to filter key information (Klein, 1999). It was noted by the novice user of 
the checklists that the support documents offered a comprehensive structure to organise 
the available data that was beneficial in helping them to sort through and make sense of 
the information available. In contrast the same comprehensive nature of the document 
was criticised by the expert user who did not need such support. In their experiences it 
was a matter of applying a mental checklist of key items and dealing with each one as it 
arose.
It is suggested that experienced assessors will spend more time in the problem framing 
stage rather than devising a solution (Randel et aL, 1996). The documents that were 
produced focus heavily on the assessment of hazards and understanding the issues on a 
site. The fact that this aspect was criticised by the experienced reviewer suggests either 
the ideas of problem framing are not correct or the format in which they are presented 
here are not supportive of the experienced decision maker. It may be that they are 
sufficiently familiar with the problem framing / site assessment stage that support for this 
is seen as unecessary. The stages of development of expertese discussed in TD3 
include cognitive (thinking about how to solve the problem), associative (using past 
experiences) and autonomous (more instinctive decision making) (Anderson, 1985). An 
explanation for the criticism of the detailed checklist would be that the expert had reached
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the autonomous stage and would follow a more instinctive decision approach. The 
document may however support the development of a novice to think of understanding the 
problem as an important requirement. The approach of the professionals to unique 
problems in a study by Schon (1983) involved drawing on past experiences and previous 
familiar scenarios to look for metaphors or examples of the type of problem being faced. 
The suggestion was made by the expert reviewer for a casebook of sites as a useful 
reference. This suggestion supports the research by Shon (1983) and the idea that 
experts will use their past experiences to look for similarities and ideas of the potential 
solutions. Experts recognise the need for a range of experiences to establish an 
understandig of the patterns that can exist on a site and gain familiarity with ‘typical’ 
features. The ability to recognise patterns reduces the amount of information that is 
needed to assess a situation and makes it easier to identify anomalies that will require 
further investigation. In forcing a novice assessor to conduct a detailed review of the site 
data the quality of the experiences gained may be improved. Also if the experiences that 
a novice has are more detailed they may start to pick up patterns and notice connections 
more readily. To confirm this theory a more extensive investigation into the responses of 
novice and expert to the checklists would be required.
One possible benefit to the use of such a checklist would be as part of a quality 
management sytem. The main aim of a quality system is to ensure consistency in the 
outputs of an organisation (ISO, 2010). There is also an added benefit that detailed 
records that show the consideration of potential hazards and demonstrate that the 
industry best practice has been followed. This in itslef may help to prevent issues on site 
and also act as support for the the housing developer to demonstrate competant practice 
should any problems occur. If the developer was found to have missed a potential hazard 
that later affected the developments then they may be liable for any damage or 
compensation to the homeowners. To prevent such a scenario consideration of the 
hazards should be carried out in the first instance, and the evidence that this has been 
done should be maintained.
It is clear that the novice and expert decision makers have different needs from guidance. 
However, there are occasions when change is imposed and the context in which the 
expert decision maker works is changed. The contamainted land industry, in general, has 
seen many changes in the legislative and regulatory regimes that define the working 
practices. These are discussed in TD1 and TD2. When changes are made new guidance 
is produced to explain the implications. This will be true for guidance supplied to 
introduce changes in practice due to regulatory, organisational or technical changes. In 
these situations an understanding of the different attitudes of novices and experts may 
help to design the guidance to support both parties. A procedural and inclusive 
explanation would be required for novices, and perhaps a more practical case-based 
guide for experts may be better received. It is important that the expert is open to learning 
the detail of new legislation and guidance, rather than relying too heavily on their past 
experiences. They must also recognise that the decision rules they have developed as a 
result of previous legislation may no longer apply in the same way. Further research 
comparing the attitudes of novices and experts to change in their industry and new 
guidance may help to better develop decision support in the future.
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RP4.7 Conclusions
This project has described the prototype decision support documents that were developed 
for a house building company. In the process of applying and reviewing the documents 
the content of the documents were successfully applied, retrospectively, to a housing 
development project. The content of the documents proved to be sufficiently 
comprehensive to identify potential hazards on the site and suggest further investigation 
from limited data. To fully validate the prototype documents for commercial use further 
testing and review would be required. Previous projects in this portfolio (e.g. RP3 Grid 
Assessment Method) have considered the use of qualitative and quantitative information 
in decision making and the issue of uncertainty. In this project the support tools 
developed allowed the user to combine data types and have an opportunity to present 
uncertainty. The reviews by the expert and novice users have highlighted some aspects 
where this may be improved; however the use of the document on a site was generally 
successful. In both instances further testing is required to validate the technical 
application of the documents to a range of sites and also confirm the views of the novice 
and expert users.
It has been discussed in RP1 that experts have a specific skills set required to allow 
judgment-based decisions to be made successfully. A key point to note is that the abilities 
of an expert are not simply procedural and knowledge-based, but includes more general 
skills and self awareness (Klein etal., 1995). This needs to be recognised in training and 
guidance to be able to ensure the development of highly skilled practitioners. The review 
of the document by both expert and novice has reflected the work of previous projects 
(RP1) and also supports the suggestions made in literature on expertise. The preference 
of the expert to spend time problem framing and understanding of key issues was shown 
in the qualitative data from the expert study (RP1), and reflected in the comments from the 
expert review of the prototype documents. The main difference between the novice and 
the expert developer is the amount of information used by the individual to come to a 
decision. The findings of the present study suggest more systematic decision support 
tools would be better suited to the training needs of a novice user, whereas more 
experiential tools (such as case study-based guidance) would better suited to the more 
experienced user.
The present project takes a similar approach to the structure of the support tool developed 
in RP3 in that, as with GRASS Method, a systematic approach to data collection is 
promoted. Another key feature of the GRASS Method is that it presents the information 
and combination methods in a transparent format allowing open communication of the 
basis for decisions. The present research again follows a similar approach allowing a 
measure of certainty in the information available and opportunity for the user to comment 
on their findings. The research here has shown that the novice user preferred the detailed 
information and procedural guidance to lead them through the assessment process. In 
contrast the experienced developer criticised the detail. The summary checklists may 
prove useful as an overview of a site for the more experienced user. These summaries 
may offer a way for an experienced developer to record their decision making that would 
otherwise be kept as a mental list. There is a need for procedures for quality 
management within a business however the implementation of such procedures must be
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sensitive to the user and the decision process that they employ. This will be true for 
guidance supplied to introduce changes in practice due to regulatory, organisational or 
technical changes.
RP4.7.1 Contribution to Knowledge
The following points summarise the contributions to knowledge of this study.
The research offers support of the understanding of differences between expert 
and novice decision makers. The two reviews contrasted in many ways and the 
criticisms given by the expert, in terms of the detail of the assessment, is 
exactly what was praised by the novice as useful. This feedback supports the 
suggestions made in the literature about the fundamental differences in the way 
experts and novices approach decision-making.
The documents have proven to be a successful comprehensive support tool for 
the novice user approaching housing developments. The documents are 
inclusive enough to prompt consideration of key issues as demonstrated 
through application to a complex case site.
The application of the prototype documents suggests that they may be 
developed into commercial documents offering a comprehensive approach to 
assessing hazards and opportunities for housing development sites that could 
be implemented as part of a quality system. For this contribution to be fully 
realised additional validation is required as described below.
RP4.7.2 Further Research
The following aspects could be explored in more detail through further research.
Extended validation including application of the documents to more users 
(expert and novice) and also to a wider range of projects would be required to 
develop of the documents as industry guides.
Testing to investigate whether the checklists could be used as a tool for 
communication between experts and novices about the basis for decisions and 
understanding of site issues.
The suggested improvements made by the novice user can be incorporated into 
the documents to improve clarity and offer more flexibility of use for the casual 
user to make comments. A second review would also be required to ensure 
these had been implemented successfully.
- Additional detailed review of the documents in terms of promoting best practice 
for sustainable development may be advantageous. As government policy is 
evolving and the inclusion of sustainable development objects increases, these 
documents should reflect that. The existing assessment schemes for the 
incorporation of sustainability and environmental awareness in housing and
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other construction projects (CEEQUAL and BREEAM) are included in the 
document but may be reviewed and embedded in more detail.
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Technical Digest Overview
Technical Digest Overview
The following sections of the portfolio include literature reviews of topics relevant for the 
Research Projects. Each of the seven Technical Digests are summarised below, and the 
interaction between the digests and the Research Projects is included in the following 
table.
TD1: Legislation: A review of the legislative and planning regimes that affect Brownfield 
development and contaminated land assessment in the UK.
TD2: Guidance and Best Practice: A review of guidance available in the UK to support 
contaminated land assessment including; data collection, risk assessment and 
development of remediation strategy.
TD3: Decision Theories: A summary of theorise of decision making that apply to 
complex decision contexts. The digest also includes an overview of decision support 
systems and the management of uncertainty in environmental decision making.
TD4: Contaminant Behaviour: An overview of fate and transport mechanisms for 
priority contaminants associated with UK contaminated land.
TD5: Volume Estimation Techniques: A summary of methods used for interpolating 
spatial data for volume estimation.
TD6: Contaminated Land Risk Assessment Tools: A summary of the tools and 
approaches used in contaminated land assessment including; the combination of 
qualitative and quantitative data, specific software tools available, methods used to 
incorporate uncertainty in decision support tools. The digest also includes guidance 
related to validation and verification of software.
TD7: Remediation Technologies: A brief summary of remediation technologies available 
and recent trends in their use in the UK. The methods for selecting remediation methods 
are also discussed.
The following table shows the interaction between the Technical Digests described above 
and the Research Projects.
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Technical
Digest Description
Research Projects
RP1: 
Expert 
Study
RP2:
GR:ASS
RP3:
Developers
Guides
RP4:
Volume
Estimation
Techniques
TD1: Legislation
An overview of UK 
legislation relevant 
to Brownfield 
development and 
contaminated land 
assessment.
V
TD2: Guidance 
and Best 
Practice
Industry guidance 
related to UK 
contaminated land 
assessment.
V V
TD3: Decision 
Theories
A review of 
research in decision 
theories.
V
TD4:
Contaminant
Behaviour
An introduction to 
key contaminants 
for this research 
and their fate and 
behaviour in the 
environment.
TD5: Volume
Estimation
Techniques
A review of volume 
estimation 
techniques used for 
contaminated land 
assessment.
V S
TD6: Existing 
Contaminated 
Land Risk 
Assessment 
Tools
A review of global 
contaminated land 
risk assessment 
tools.
s
TD7:
Remediation
Technologies
A summary of the 
remediation 
technologies 
available for 
contaminated land.
s V
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The following index includes the key topics and is ordered by technical subject. A full 
table of contents of all technical digests can be found on the following pages.
Topic Sections
Analytical Hierarchy Process TD3.8 1, TD6.2
Contaminated Land (definition) TD1.2
Contaminated Land (guidance values) TD2.2
Decision Support Systems TD3.8
Expert Systems TD3.8
Expertise (including training and learning) TD3.2
Fate and Behaviour Contamination TD6.4.2, TD4
Heuristics TD3.7
Image Theory TD3.5.4
Lens Model TD3.4.1
Multi Criteria Decision Analysis TD3.8.1, TD6.2
Naturalistic Decision Making TD3.5
Qualitative and Quantitative Data combination TD6.2
Recognised Primed Decision Making TD3.5.1
Remediation Selection TD6.4.4, TD7.3.3
Remediation Technologies TD7.3.1, TD7.3.2
Risk Assessment Process TD2.2, TD1.2
Site Investigations TD6.4.1
Social Judgement Theory TD3.4
Uncertainty TD3.9
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Technical Digest Contents
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TD1.1 Introduction
Regulatory regimes in the UK underpin all work related to contaminated land assessment 
and remediation. With regard to the relevant legislation, there are some regional 
variations across the UK. For the purpose of this research the focus is on the relevant 
legislation in England unless otherwise stated. The definition of contaminated land is 
included in Part IIA of the Environmental Protection Act (1990) (referred to as Part IIA) 
(Defra, 2006). The planning regime also requires that developments include 
consideration of the potential for risk from contamination. The local authorities in the UK 
are given considerable scope for interpretation of the definition of contaminated land and 
subsequently the level of remediation required. The implications of this are discussed 
below. This Technical Digest provides a summary of the key legislation that defines 
contaminated land and remediation in the UK, as well as an overview of the other 
legislative regimes that affect development on Brownfield sites; water quality, waste 
legislation and health and safety.
Section TD1.2 introduces some key terms. The following sections then give a summary of 
the driving legislation that requires contaminated land to be assessed and remediated. 
The controlling legislation that influences how the remedial activities can be carried out is 
then considered. The review contained in this TD is not exhaustive, and rather focuses on 
the main legislative requirements and their implications.
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TD1.2 General Concepts
To appreciate the UK legislative regime it is important to understand some of the key 
terms used throughout.
Remediation -  Defined in Section 78A(7) of Part IIA as a process that covers the 
assessment of the condition of a contaminated site, works to mitigate the risks of 
significant harm from the contamination and continued monitoring of the condition of the 
site.
Risk Assessment -  Risk is defined, in British Standards, as “combination of the 
probability of an event and its consequence” (BSI, 2002). Specifically relating to land 
affected by contamination; for risk to occur the following must be true:
Both a source of contamination (at a level that is potentially hazardous to human health or 
the wider environment) and a receptor that can be affected by the source must be 
present, finally a pathway is required to link the source and receptor. In essence the 
‘event’ is the combination of these three elements (see Figure TD1.1: below). This 
‘source -  pathway -  receptor’ philosophy underpins all contaminated land risk 
assessment within the current legislation and best practice.
RISK WHEN ALL ELEMENTS ARE LINKED
SOURCE
Contaminant e.g. 
arsenic in the soil
PATHWAY
e.g. consumption of soil RECEPTOR
e.g. human being
Figure TD1.1: Source - pathway - receptor model used in contaminated land risk
assessment
Contaminated Land: the term contaminated land is defined as land where there is 
Significant Possibility of Significant Harm (SPOSH) being caused to a sensitive receptor. 
This is defined in Part IIA and explained in detail below.
There are two key elements to the current legislative regime that drive assessment of land 
affected by contamination and its remediation: Part IIA of the Environmental Protection 
Act (1990), concerned with the current use of a site and Town and County Planning Act 
(1990), which is concerned with future proposed uses for the site. These two aspects are 
discussed in the following sections.
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TD1.3 Environmental Protection Act (1990), Part IIA
The contaminated land regime implemented through Part IIA of the Environmental 
Protection Act (1990) was introduced in England on 1 April 2000. Similar regulations have 
subsequently introduced in Scotland (14 July 2000) and Wales (1 July 2001). The main 
difference in the definition of contaminated land is that the Scottish definition includes 
“significant pollution of the water environment’ as opposed to “pollution of surface waters 
and groundwatef used in England and Wales. The inclusion of the term “significant” was 
introduced to prevent disproportionate responses to trivial contamination, and the term 
‘water environment’ is used to align with other Scottish Legislation, i.e. Water Environment 
and Water Services Act 2003 (Natural Scotland Scottish Executive, 2006). For the 
purpose of this research the following discussion is focused on the regulations for England 
only; referred to as Part IIA.
The regime defines contaminated land and looks to apportion responsibility for the 
remediation of this land. It is only focused on the current use of a site, but does still serve 
as useful guidance to planning regulators when considering any proposed future land 
uses. The interaction is summarised in recent Defra guidance on the definition of 
contaminated land (Defra, 2008a). The minimum requirements are that once a 
development is complete, it should not be possible for that developed land to be 
determined as contaminated land under Part IIA. The definition of contaminated land in 
Section 78A(2) of Part IIA is based on risk assessment and is as follows:
“any land which appears to the local authority in whose area it is situated to be in such a 
condition, by reason of substances in, on, or under the land, that:
(a) significant harm is being caused or there is a significant possibility of such harm 
being caused; or
(b) pollution of controlled waters is being, or is likely to be, caused. ”
The most significant questions born out of this definition are:
1. What is the method by which a site is assessed for contaminated status?
2. What is ‘significant harm’ and ‘significant possibility’?
3. Where is the responsibility attributed for regulating and implementing 
remediation if a site is deemed contaminated?
Each of these questions will be addressed in turn below.
1. What is the method by which a site is assessed for contaminated status?
Contaminated land assessment is based on risk assessment of the site. The Secretary of 
State for the Environment, Transport and the Regions issued a circular which explained 
Part IIA and outlined the way in which it was to work (DETR, 2000). This circular was 
updated by Defra to reflect updates in the legislation to include land affected by 
radioactive contamination and other minor changes (Defra, 2006). The above definition of 
contaminated land is stated in Part IIA and is said to be “based upon the principles of risk
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assessment. The initial part of the circular offers basic definitions of terms to be used 
with the guidance. Risk, in this case, is specifically defined as
“a combination of:
(a) the probability or frequency, of occurrence of a defined hazard (for example 
exposure to a property of a substance with the potential to cause harm); and
(b) the magnitude (including seriousness) of the consequences” (Defra, 2006)
This definition of risk is not new, and aligns with the definition given in British Standards 
(BSI, 2002). Within the context of contaminated land, Part IIA defines the concept of a 
source -  pathway -  receptor model (referred to as the contaminant -  pathway -  receptor 
concept in the Defra (2004b) guidance) as the basis for risk assessment. These three 
elements are defined within the guidance as follows (Defra, 2004b):
Contaminant: “a substance, which is in, or under the land and which has the 
potential to cause harm or to cause pollution of controlled waters.”
Receptor is either “living organisms, an ecological system or a piece of 
property, which is being or could be harmed by a contaminant, OR controlled 
waters which are being or could be polluted by a contaminant’. A selected list 
of specific receptors is also given.
Pathway: “one or more routes or means by, or through which a receptor;
a) is being exposed to or affected by a contaminant,
b) could be exposed to or affected”.
The combination of these elements is used to establish whether or not a site is 
contaminated under the Part IIA definition. The process has been broken down into two 
stages in the Defra Guidance (Defra, 2004b). Firstly, to establish whether or not all three 
elements exist on a site (contaminant, pathway and receptor) and secondly, the local 
authority must be satisfied that there is a ‘pollutant linkage’ on the site, and that the 
pollutant linkage is currently causing, or is likely to cause significant harm (a ‘pollutant 
linkage’ is simply the relationship between contaminant pathway and receptor.). This 
connection must be made for specific contaminants for there to be potential for harm.
2. What is ‘significant harm9?
The definition of harm supplied in the Section 78A(4) of Part IIA defines it as: “harm to the 
health of living organisms or other interference with the ecological systems of which they 
form part.’’. It is noted that in the case of humans, interference with ecological systems is 
taken to include damage to property. With this definition in mind, significant harm has 
been defined for a set of four specific receptors; this is outlined in Table A of the Defra 
(2006) Circular. Table TD1.1 below surmises some of the situations for significant harm 
for the receptors identified. Each receptor has a specific definition and where appropriate 
this has been summarised in the table below.
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Receptor Significant Harm
1 Human beings
Human health effect: Death, disease, serious injury, genetic 
mutation, birth defects or the impairment of reproductive 
functions.
2
Any ecological system, or 
living organism (defined for 
eight protected locations -  
e.g. site of special scientific 
interest, SSSI)
Ecological system effect: For any protected location;
Harm which results in an irreversible change, or in some 
other substantial change, in the functioning of the ecological 
system within any substantial part of threat location 
OR
Harm which affects any species of special interest in that 
location, and which endangers the long-term maintenance of 
the population of that species at that location.
3
Property in the form of 
living organisms (principally 
livestock and crops)
Animal or crop effect: Substantial loss of crops or animals is 
essentially only considered when a significant proportion 
have died or are no longer 'fit for their intended purpose’.
4
Property in the form of 
buildings (as defined in the 
guidance)
Building effect: Structural failure, substantial damage or 
substantial interference with any right of occupation.
Table TD1.1 Summary of key points from Table A: Categories of Significant Harm (Defra,
2006)
Some of the key points related to the term ‘significant harm’ are outlined in Table TD1.1 
and should be applied to the current use of a site. (This includes temporary uses, uses or 
developments that may occur without planning permission and recreational uses). 
However, the definition of contaminated land also extends to the potential for harm: 
“significant possibility of significant harm” and this is defined in the Defra circular for each 
of the four health effects (Defra, 2006). For the purpose of this definition human health 
effects have been separated into two parts: direct exposure and other effects, (due to 
explosion or fire for example). Table TD1.2 below surmises some of the key points from 
the definition of significant possibility of significant harm.
TD1 -8
Engineering Doctorate: Regenerating the Brownfields
TD1: Legislation
Significant Harm
(as defined in Table TD1.1) Significant Possibility of Significant Harm
1
Human health effects 
arising from intake of 
contaminant or other direct 
contact
Intake or exposure is to be assessed by considering the level 
of intake of the contaminant (dose), the toxicological 
properties of the contaminant (and consequently its human 
health effects) and the time frame for exposure.
2 All other human health effects
The assessment should take into account the probability, or 
frequency, of occurrence of significant harm. Furthermore 
similar historical events should also be considered,
3 All ecological system effects
If significant harm is ‘more likely then not to result from the 
pollutant linkage, or if the there is reasonable possibility of 
significant harm to occur and the consequences are 'beyond 
any practicable possibility of restoration’.
4 All animal and crop effects If significant harm is ‘more likely then not’ to result from the pollutant linkage.
5 All building effects
If significant harm is ‘more likely then not’Xo result from the 
pollutant linkage, during the expected economic life of the 
structure.
Table TD1.2 Summary of key points from Table B: Significant Possibility of Significant
Harm (Defra, 2006)
3. Where is the responsibility attributed for regulating and implementing 
remediation if a site is deemed contaminated?
The onus is on the Local Authority (LA) to identify the sites in their district that fall under 
the definition of contaminated land. However, there are some sites such as those located 
within nuclear installations that are not part of the LA responsibility; instead if these sites 
are determined as contaminated land they are passed to the Environment Agency (EA). 
These ‘special sites’ are defined within the Contaminated Land Regulations (2006).
The EA have produced guidance relating to the implementation of Part IIA (EA, 2002), as 
the Health Protection Agency (HPA) (HPA, 2009) targeted specifically for Environmental 
Officers in LAs. The HPA guidance describes the LA as the principal regulator. The EA 
guidance includes table outlining responsibilities of the EA and LA under Part IIA (Table 
TD1.3 below).
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Key responsibilities under Part IIA EPA1990
Environment Agency Local Authorities
Provide relevant information held by the 
Agency to local authorities
Provide advice to local authorities on 
identifying and dealing with pollution of 
controlled waters
Provide advice to local authorities on the 
remediation of contaminated land
Ensure remediation of ‘special sites’
Prepare a national report on the state of 
contaminated land
Maintain a public register of regulatory action 
fo r‘special’ sites’.
Prepare and publish an inspection strategy
Inspect their areas to identify contaminated 
land
Consult the Agency on pollution of controlled 
waters
Ensure remediation of land identified as 
contaminated land
Transfer ‘Special’ Sites to the Agency 
Maintain a public register of regulatory action.
Table TD1.3 Key responsibilities under Part IIA (EA, 2002)
From this overview of Part IIA, it can be seen that there is a government imposed 
emphasis on risk assessment in preference to generic target-based assessment of 
contaminated land. The regulations focus on the current use of a site, and specifically do 
not consider planned developments. However, the fundamental concepts identified in 
Part IIA do influence planning requirements in the UK. The interpretation of this legislation 
has required clarification in recent years. The definition of significant possibility of 
significant harm (SPOSH) is not explicit and it is left to the local authority to decide if this 
condition is met. The uncertainty associated with this risk-based definition of 
contaminated land has lead to the need for additional guidance for local authorities (HPA, 
2009; Defra, 2008a; CIEH, 2006). There has also been clarification on the use of the Part 
IIA definition of contaminated land as a minimum level of quality for land being assessed 
under the planning regime.
The key areas in the assessment of whether or not a site is contaminated under Part IIA 
have been highlighted. This begs the question what happens if the land is defined as 
contaminated? There is then a statutory requirement for the regulator to ensure that the 
site is remediated. The regulator is the LA except in the case of ‘special sites’ when it 
becomes the EA. The regulator must find the responsible person for cleaning up the site - 
this is generally based on the “polluter pays” principle - the individuals that caused the 
contamination should pay to remediate it. The process of identifying the responsible 
person under Part IIA can be lengthy and challenging if the ownership of the site has 
changed over time. Also the businesses that have owned the in the past may no longer 
be operational. In the case of voluntary remediation or remediation for development 
projects (i.e. not Part IIA driven) the developer or land owner will remediate the site.
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TD1.4 Town and County Planning
To make any significant changes to a site, as in those associated with most 
redevelopment projects, permission must be sought from the planning authority. Part of 
that planning application must consider any contamination on a site. The local authority 
then has the opportunity to impose planning conditions on the proposed development. A 
series of standard planning conditions are recommended for use on land that is affected 
by contamination (GLG, 2008). The regulation that applies to this area for England and 
Wales falls under the Town and County Planning Act (1990), a similar act also applies to 
Scotland; Town and County Planning Act (Scotland) (1997) and Northern Ireland; 
Planning (Northern Ireland) Order (1991). With specific regard to England, details of the 
regulations for contaminated sites are contained in Annex 2 of Planning Policy Statement 
23 (PPS 23) (ODPM, 2004). The basic concepts outlined in Part IIA (as described above) 
are used to complete the assessment of the risks associated with contamination on these 
sites: i.e. pollutant linkage of source, pathway and receptor is required for risk to be 
present. The definition of contaminated land given in Part IIA is specifically related to land 
that, given existing site use, currently poses a risk, or is likely to. As the planning 
regulations are concerned with changes in the use of land and to reduce confusion of 
terms, the sites are referred to as “land affected by contamination’, which includes sites 
defined as contaminated land under Part IIA.
PPS 23 essentially covers the requirements for a planning application and outlines the 
roles of the different interested parties: owner/developer, Local Authority (LA) and regional 
planning bodies, and the Environment Agency (EA).
The owner/developer is responsible for, “ensuring that the development is safe and 
suitable for use for the purpose for which it is intended’, which includes an assessment of 
the current status of the site, whether the proposed use will cause any pollutant linkages, 
and what action is required to break those linkages. The ‘suitable for use’ approach 
considers the balance between the resources required to develop a site and the purpose 
for which it is to be used. It should also be noted that this approach is not restricted to the 
protection of human health but also the wider environment (Defra, 2004a).
The applicant is required to supply information outlining the risks associated with any 
contamination on the site, and should include in this the pathways created during 
“development activities, such as piling, drain laying and trenches for serviced’ (ODPM, 
2004). A phased approach, as recommended in Defra/EA “Model procedures for the 
management of contamination” (CLR11) (Defra, 2004b), is commented on in the 
regulations. This guidance is discussed in TD2.
In essence the procedures laid out in Part IIA for the assessment of contaminated land 
are applicable to the planning process. The main difference is in the inclusion of 
additional pollutant linkages associated with the new development and associated 
construction activities.
The planning regime does not act independently of all other regulation, and has overlap 
and interaction with other pieces of legislation. Some of the key interfaces are as follows 
(list based on Defra, 2004a):
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-  Waste management system -  planning permission is a prerequisite to an 
environmental permit (Defra, 2007). Permits are regulated through 
Environmental Permitting (England and Wales) Regulations 2007 SI 2007 No 
3538 (formerly site waste management licence) and are required to carry out 
certain activities on site. It should be noted that exemptions of permitting 
requirements could be applied to redevelopment plans.
- Part IIA -  It is the government’s preference that land be remediated through 
voluntary remediation and the planning regime, rather than under Part IIA. The 
planning regime considers the protection of the current users and developers as 
well as the end users of the development and receptors exposed during 
development activities.
Environment Agency’s (EA) role -  In the main the EA will provide advice and 
guidance on matters in the planning application that relate to controlled waters. 
In the case of a designated ‘special site’ under Part IIA, the EA becomes the 
enforcing body and becomes responsible for the clean up of the site.
Health and Safety -  The Health and Safety Executive (HSE) have recognised 
the health and safety issues surrounding the development of contaminated land 
and have issued a document to target them: “Protection of workers and general 
public during the development of contaminated land’ (HSE, 1991). In 
complying with planning permission, protection of receptors during the 
development activities must be dealt with, this HSE document aids in this. 
Other key legislation in this regard includes:
- Management of Health and Safety at Work Regulations (1999)
- Control of Substances Hazardous to Health Regulations 2002 (COSHH)
- Construction (Design and Management) Regulations 1994 (CDM)
- Construction (Health, Safety and Welfare) Regulations 1996
- Personal Protective Equipment at Work Regulations 1992 (PPE Regs).
Building control -  this needs to be complied with for any development, and 
can include protection of soil and groundwater. Furthermore, consideration 
must be given to the protection of building materials in the ground that may be 
exposed to aggressive contaminants. The relevant pieces of legislation for 
building control under the Building Act 1984 are The Building Regulations 2010 
(S.I. 2010/2214) and the Building (Approved Inspectors etc.) Regulations 2010 
(S.I. 2010/2215) that consolidate and replace earlier regulations from 2000 
(Defra, 2010).
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TD1.5 Water Resource Protection
The definition of contaminated land as outlined in Part IIA, includes protection of 
controlled waters. Pollution of controlled waters is defined in Part IIA as “the entry into 
controlled waters of any poisonous, noxious or polluting matter or any solid waste mattef\ 
It should be noted at this point there are significant differences between the regulations 
protecting controlled waters in Scotland compared to England and Wales. The focus of 
this report is England, and so the differences have not been included.
The definition of controlled waters is given in the Water Resources Act (1991) and 
includes:
- territorial waters, which extend seawards for three miles,
- coastal waters,
inland freshwaters (any inland water above the freshwater limit),
groundwaters (any waters contained in underground strata).
This definition of ‘groundwaters’ under the Water Resources Act (any waters in 
underground strata), differs from the definition under the Groundwater Directive 
(80/68/EEC) which is limited to water in the saturated zone. For the purposes of Part IIA, 
the Environment Agency currently considers ‘groundwaters’ to be water in the saturated 
zone only, i.e. groundwater, rather than water in the unsaturated zone (EA, 2002). 
Groundwater is protected under the Groundwater Regulations 1998, whereby it is an 
offence to discharge substances listed in the regulations (List I or List II) directly into 
groundwater. The disposal of these substances is highly regulated. Under waste 
management licences, any activity which requires a waste management licence is exempt 
from these regulations on the basis that the issues are address in the licence itself. 
However, the converse is not true, if an activity was exempt of a waste management 
licence it is not automatically exempt from groundwater regulations.
T D 1 -13
Engineering Doctorate: Regenerating the Brownfields
TD1: Legislation
TD1.6 Waste Management
The legal definition of waste is fundamental to the waste management legislation in the 
UK. The two key areas of interest are: the application of the definition of ‘waste’, and the 
ramifications for material that falls under this definition. If the material is not classed as 
waste, then the associated waste management legislation becomes irrelevant.
Waste is currently defined in the European Council’s (EC) Waste Framework Directive as 
“any substance or object in the categories set out in Annex I which the holder discards or 
intends or is required to discard’ (EC, 1975: amendment 91/156/EC).
The substances referred to in Annex 1 of the directive include two items that are in 
specific reference to contaminated land:
- “Q4 Materials spilled, lost or having undergone other mishap, including any
materials, equipment, etc., contaminated as a result of the mishap.
Q15 Contaminated materials, substances or products resulting from remedial 
action with respect to land." (EC, 1975: amendment 91/156/EC)
To understand the definition of waste and what it includes, the definition of ‘discard’ 
comes into focus. The Waste Framework Directive itself does not directly define the term 
discard. The definition of waste has been the subject of debate in the European Court of 
Justice (ECJ). An example of how the ECJ rulings affect industry is the Van de Walle 
Case that appeared in the ECJ in September 2004 (ECJ, 2004). The ruling in the case 
defined an accidental spill of hydrocarbons, and the soil in which it was spilt, as legal 
waste, despite the material being undisturbed. On the most basic level this ruling implies 
that any land contaminated from accidental spills may be classed as waste and 
consequently be liable for waste management licensing, regardless of any remedial 
activity being undertaken. However there have not been any actions in the UK to 
reinforce this ruling. In 2007 the European Waste Framework Directive Common Position 
Statement stated that this ruling will be excluded in the forthcoming revised European 
Waste Framework Directive currently being produced. The ruling highlighted the 
importance of the definition of waste, and when material ceases to be waste. This is still 
an area of extensive debate in the industry. Most recently guidance has been produced to 
aid development projects (CLAIRE, 2008). The Common Position Statement stated 
(Article 2(1 )b):
“The following shall be excluded from the scope of this Directive:
b) land (In situ) including unexcavated contaminated soil and buildings permanently 
connected with land;” (EC, 2007).
It is clear from developments over the last decade that the question “is this material 
waste?” is not a simple one to answer especially in the light of ECJ rulings. Further to this 
the issue of when a material ceases to be waste is equally open to debate as this will 
affect when remediated soil can be re-used on a site. Article 6 of the revised European 
Waste Framework Directive also addresses this issue by setting out definitions as to the 
end of waste (EC, 2008).
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TD1.6.1 Waste Strategy for England and Wales
In December 1995 the government released the first detailed policy to deal with waste 
management in the UK; the white paper entitled ‘Making Waste Work’ (DoE, 1995). 
Within this document targets were set for the following 10-year period, principally to 
minimise waste in the UK and increase the level of recycling. Following consultation on 
The National Waste Strategy; ‘A Way With Waste’ (Defra, 2000), the government replaced 
the 1995 white paper with the ‘Waste Strategy for England and Wales’, and most recently 
the Waste Strategy for England (2000). It should be noted that England, Wales, Scotland 
and Northern Ireland have all implemented their own versions of this strategic paper to set 
out a framework for waste management plans in the respective country. The policy for 
England includes consideration for waste to be diverted from landfill, as outlined in the 
1999 Landfill Directive (EC, 1999), and also offers a framework for dealing with it 
(Gervais, 2002).
The framework set out in the strategy paper supports two key principles of waste 
management that are applied to establish the Best Practicable Environmental Option 
(BPEO) for dealing with waste materials:
waste hierarchy,
proximity principal.
The waste hierarchy is described in the strategic paper (Defra, 2000) as noted below. 
The proximity principal looks to ensure that waste is dealt with as close to its origin as 
possible.
The strategy document for England outlines targets to be achieved, comprising both EU 
and England specific targets. The strategy is concerned with waste in general and does 
not offer much focus for waste produced through the redevelopment of contaminated 
sites. However, the principals of the waste hierarchy can be applied specifically to 
contaminated land as follows.
Reduce quantity of waste produced: a target that should be applied to 
developments irrespective of the state of contamination of the land. The drive 
to minimise the waste produced during development activities should be 
incorporated into design decisions. For example, in the choice of foundation, 
assuming the ground conditions are suitable, the use driven displacement piles 
over bored piles will reduce the spoil from the pile installation process, and thus 
reduce waste material that requires disposal.
- Reuse material on site. Material recovered from site excavations should not 
automatically become ‘waste’ to be disposed of. The material may be suitable 
for reuse on site, either directly or after some pre-treatment (partly ‘recovering 
value’ from the material).
- Recover some value from the material. In the broadest sense, by applying a 
remediation process to a site, the site can be recovered for future use, thus 
recovering value of the site. With regard to recovery of the remediated soil
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itself, the current legislation only permits the re-use of this material on site 
where it has a specified use. If this is not the case the material is considered to 
remain waste after treatment.
- Dispose - The least desirable option is to remove the contaminated material 
from the site and dispose of it in landfill. Translating the problem from one 
location to another also goes against the proximity principal.
The early consideration of waste management is essential to achieving the upper end of 
the waste hierarchy (i.e. reduction or even elimination of waste. This has been reinforced 
by the introduction of Site Waste Management Plans (SWMP). Legislation requires the 
production of an SWMP for all construction projects with a value over £300,000 (Defra, 
2008b). The onus is put on the client to initiate the document and then to hand this to the 
contractor during construction. The document is to develops with the project detailing the 
waste streams arising from the works and the processes in place for dealing with them.
TD1.6.2 Waste Management Licensing
In 2003 a project team made up predominantly of representatives from Defra and the EA, 
undertake a review of the waste permitting regime. Part of this was to develop a single 
remediation licence that encompassed all of the relevant regulatory requirements and 
simplified the licensing procedures. It was noted that the original waste management 
licence was developed without consideration for the application to remediation processes 
(EA, 2004) as such there was a clear need for a review. The Remediation Licensing Task 
Force, chaired by the government’s Business Regulation Team (BRT) and made up of 
representatives from industry and government, developed a “simplified permitting system 
for the Brownfield remediation industry’ (Cabinet Office, 2005). The main delay was 
associated with the implications of the Van de Walle Case that appeared in the ECJ in 
September 2004 (details above).
In May 2008 a significant change was made to the permitting regime for waste 
management. The Environmental Permit was introduced to replace the waste
management licence and the Pollution Prevention and Control (PPC) permitting regimes. 
Waste management has taken several forms over the last five to ten years:
Site licence -  related to a specified area of land and permits the “deposit, 
disposal or recovery of waste” (Defra, 2004a) at that site. The licence required 
EA acceptance prior to surrender which could only occur once the EA were 
satisfied that harm to human health or the environment, as a result of the waste 
disposed of on the site, is unlikely to occur. The implication of designating a 
site as a waste management facility is an added blight on the land that could 
affect the desire of future land owners.
- Mobile Treatment Licence (MTL) -  This licence replaced the Mobile Plant 
Licence (MPL) in 2006 to reflect the focus of the licence on the remediation 
treatment process rather than the specific equipment used. The MPL and MTL 
were developed as a medium term solution for licensing remediation activities, 
as it was clear that such activities were not a consideration in the development
T D 1 -1 6
Engineering Doctorate: Regenerating the Brownfields
TD1: Legislation
of the previous licensing regime. The licence applied to the treatment process 
used to recover waste soil, and is therefore generic and could be used to cover 
a number of pieces of plant used in the process. However, prior to mobilisation 
on any site, a site specific working plan had to be submitted for approval. It 
must be noted that the MTL was limited to the remediation of waste soil, and 
could not be applied to the remediation of controlled waters. Unlike the site 
licence, surrender of these licences was not subject to approval conditions by 
the EA.
In April 2008 Environmental Permitting (EP) Regulations (2008) came into force. This 
permitting system was introduced in April 2008 to replace the Waste Management 
Licences described above and also include the Pollution Prevention Control (PPC) 
licensing for England and Wales. Under the EP Regulations there are three types of 
permit available: standard, bespoke and consolidated. There are standard permit 
conditions available for mobile plant for the treatment of waste soils and contaminated 
material, substances or product. Should the proposed activity not fit with these conditions 
a bespoke permit would be required.
TD1.6.3 Landfill Legislation
The landfill regulations for the UK are implemented under the Landfill Directive (EC, 
1999). In recent years there have been a number of changes to this legislation. The most 
prominent development in landfill regulations has been the ban on co-disposal of wastes 
that came into force in June 2004. This fundamental change in the legislation has 
resulted in waste being classified under one of three types: hazardous, non-hazardous 
and inert. The key point is that landfills are no longer permitted to mix different waste 
types.
Hazardous waste landfill sites may only accept hazardous waste as defined by 
the Hazardous Waste Directive (EC, 1991). Furthermore these wastes must be 
pre-treated (as defined below) prior to disposal at landfill. Hazardous wastes 
are specified in the European Waste Catalogue (EWC) as; ‘asterisk’ wastes 
(absolute hazardous waste in any concentrations) or mirror entry wastes (only 
hazardous when present above a set concentration limit). Contaminated soils 
are classed as mirror entry in the EWC.
Non-hazardous waste landfills may accept waste that is hazardous, but is stable 
and non-reactive. This category includes contaminated soil (and other mirror 
entry waste) with concentrations of dangerous substances that fall below the 
limits set in EWC for hazardous waste. Since October 2007, these wastes must 
be pre-treated (as defined below) prior to disposal at landfill.
Sites for inert waste can only accept waste that is inert as defined by criteria in 
the regulations (i.e. does not undergo physical, chemical or biological 
transformations).
The treatment of hazardous waste prior to disposal is defined according to the ‘three point 
test’ whereby the treatment process must:
T D 1 -1 7
Engineering Doctorate: Regenerating the Brownfields 
TD1: Legislation
1. “Be a physical, thermal, chemical or biological process including sorting;
2. Change the characteristics of the waste; and
3. Does so in order to
reduce its mass, or
- reduce its hazardous nature, or
- facilitate its handling, or
enhance its recovery. ”. (EA, 2004)
With respect to the temporary storage of waste prior to recovery or disposal, some form of 
authorisation would be required; an Environmental Permit (formerly a waste management 
licence or a PPC Permit) unless it is covered by an exemption. It should be noted that the 
storage of hazardous waste is limited in duration before the landfill regulations apply.
Landfill tax contributes significantly to the cost of disposal of waste and has been set by 
the government at two rates (Finance Bill 2008): £32/tonne as a standard rate, and £2.50 
/tonne applicable to inert waste only (HM Treasury, 2008). The former rate is set to 
increase by £8/tonne per year until 2010. The ‘landfill tax escalator’ has been noted not 
only in the government Notice (LFT1): A General Guide to Landfill Tax (HM Customs and 
Revenue, 2009), but also in the government’s sustainable development strategy; 
‘Securing the Future’ (Defra, 2005). This is a clear commitment by the government to
reduce the use of landfill. However, the increasing cost of landfill and the government’s
commitment to phasing out of landfill tax exemptions for waste from contaminated land, 
may present a barrier to government targets for development on Brownfield land, as the 
cost of development rises.
Under the The Landfill (England and Wales) (Amendment) Regulations 2004 (Statutory 
Instrument 2004 No. 1375) the definition of three types of landfill has been established. In 
association with these definitions, criteria by which waste is to be assessed have also 
been outlined. The aim of which is to aid the selection of the appropriate landfill for the 
waste to be disposed, and to better regulate the waste taken by landfill operators, hence 
improving the control of potential harm to humans or the wider environment. These 
‘Waste Acceptance Criteria’ (WAC) came into force July 2005. The WAC requires testing 
of waste to identify its status (hazardous, non-hazardous or inert) and to ensure that the 
properties of the waste fall within the limiting values for a given landfill type, predominantly 
leaching limits. There are three levels of testing identified (EA, 2005a):
Level 1 -  basic characterisation (required from July 2005) through 
determination of both short and long-term leaching properties of the waste.
Level 2 -  compliance checking (required from July 2005). Periodic testing to 
ensure that waste complies with the landfill permit conditions.
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- Level 3 - on-site verification (currently in place). Simple rapid check methods to
ensure that the material unloaded at the landfill is as classified in the
accompanying documentation. This could be a simple visual inspection.
Full WAC exists for all landfill types as well as additional ‘special provisions’ relating to 
specific waste materials. The three types of WAC are:
- a full list of inert waste which may be accepted without testing,
-  leaching limit values for specific landfill types,
- limit values for other parameters (e.g. organic content).
As the need for soil testing grows, the desire for cheaper and more rapid test methods will 
increase. Gotz and Riepe (2001) conducted research that compared simplified rapid 
testing methods to be used on site, with the established laboratory testing. The purpose 
of the tests was to classify soil into waste categories for disposal, as defined by Austrian 
regulations. The results showed a good correlation between the classifications gleamed 
from the laboratory tests and those made by the rapid field tests. Testing procedures will 
need to be developed to accommodate the growing need for knowledge of soil properties 
for the purpose of disposal.
The process of hazardous waste assessment of contaminated soil is described to a 
limited extent in published industry guidance and requires assessors to calculate 
acceptance criteria from expected contaminants. To assess soil for disposal, the tested 
material must first be assessed with regard to its hazardous nature. This process is 
based on the contaminant concentrations available for tested locations across the site. It 
is assumed that the contaminant concentration measured is representative of a known 
compound, which will have with it associated ‘risk phrases’. The risk phrases are listed in 
the Approved Supply List published under the CHIP Regulations (HSC, 2002). The 
atomic weight of the element is compared to the atomic weight of the compound assumed 
to be present. This ratio is used to derive the concentration of the compound expected 
(assuming that all of the measured element is representative of the compound assumed. 
It is this compound concentration that is used to identify relevant hazardous properties of 
the soil.
Hazardous waste is defined by limiting values of ‘risk phrases’ that contribute towards a 
“hazardous property”. There are nine classes of hazardous properties relevant for the 
assessment of hazardous waste; for each hazardous property there are a number of risk 
phrases. Some of the classes are linked whereby the same risk phrase is relevant for two 
hazard classes. For example H4 irritant and H8 Corrosive, where risk phrases R34 
(causes burns) and R35 (causes severe burns) are relevant for both. If the concentration 
of a compound with risk phrase R34 is above 5% w/w it is considered to be H4 Irritant, 
however if it exceeds 10% w/w the material is considered corrosive. The following table 
outlines the relevant risk phrase for each hazard class.
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Hazard Class Risk Phases
H4 Irritant (Xi) (linked to corrosive) 
Lower limiting values
R41: Risk of serious damage to eyes 
R36/37/38
R36: Irritating to eyes
R37: Irritating to respiratory system
R38: Irritating to skin
R35/34
R34: Causes burns 
R35: Causes severe burns
H8: Corrosive (linked to irritant) 
Higher limiting values R35/34
H5: Harmful (Xn) (linked to toxic) 
Lower limiting values
R26/27/28
R26: Very toxic by inhalation
R27: Very toxic in contact with skin
R28: Very toxic if swallowed
With or without R39: Danger of very serious
irreversible effects
R23/24/25
R23: Toxic by inhalation
R24: Toxic in contact with skin
R25: Toxic if swallowed
With or without R39 or R48
R48: Danger of serious damage to health by
prolonged exposure
R20/21/22
R20: Harmful by inhalation
R21: Harmful in contact with skin
R22: Harmful if swallowed
With or without R48 or R65 or R68
R65: Harmful: may cause lung damage if
swallowed
R68: Possible risk of irreversible effects
H6: Toxic (T / T+) (linked to harmful) 
Higher limiting values
R26/27/28 With or without R39 
R23/24/25 with o r without R39 or R48
H7: Carcinogenic (Care. Cat 1 - 3)
R40: Limited evidence of a carcinogenic effect
R45: May cause cancer
R49: May cause cancer by inhalation
H10: Reproduction (Repr. Gat 1 - 3)
R60: May impair fertility
R61: May cause harm to the unborn child
R62: Possible risk of impaired fertility
R63: Possible risk of harm to the unborn child
H11: Mutanogenic (Muta. Cat 1 - 3 ) R46: May cause heritable genetic damage R68: Possible risk of irreversible effects
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Hazard Class Risk Phases
H12: Gas producing R32: Contact with acids liberates very toxic gas R29: Contact with water liberates toxic gas.
H14: Ecotoxic
R59: Dangerous for the ozone layer
R53 and R5o or R51 or R52
R50: Very toxic to aquatic organisms
R51: Toxic to aquatic organisms
R52: Harmful to aquatic organisms
R53: May cause long-term adverse effects in the
aquatic environment
R 5 0 o rR 5 1 o rR 5 2
Table TD1.4 Hazardous properties use in the definition of hazardous waste (EA, 2005b)
All compounds listed in the Approved Supply List have associated risk phrases. There is 
an element of judgement in assessing which compound is likely to be present in the soil, 
however if this is not clear the worst case compound is selected based on the relative 
atomic weight of the element identified in testing.
Once the soil has been classified as hazardous or not, the appropriate landfill can then be 
selected based on the Waste Acceptance Criteria (WAC) for each landfill type. The 
process of classification of waste is shown in the decision tree included in Attachment 
TD1.1.
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TD1.7 Summary
The assessment and remediation of land affected by contamination is underpinned by the 
legislative regimes; Part IIA and the Planning regime. The preference is for voluntary 
remediation, rather than enforced remediation under Part IIA. In either case the primary 
regulator is the Local Authority, with the Environment Agency responsible for Special 
Sites. The definition of contaminated land is based on a risk-based assessment that is 
concerned with pollutant linkages between a source, pathway and receptor. The actual 
definition of contaminated land under Part IIA hinges on a Significant Possibility of 
Significant Harm (SPOSH) being caused to a sensitive receptor by the condition of the 
land. Whilst the definition of the receptors of concern and significant harm are provided, 
the identification of SPOSH is still not clear. The fact that guidance is still being issued to 
support the regulators in this regard demonstrates the difficulties faced (e.g. HPA, 2009; 
Defra, 2008a; CIEH, 2006).
The classification and remediation of contaminated land is also influenced by other 
regulations relating to the protection of the water environment, health and safety of 
construction workers, environmental permitting for remediation activities and the definition 
of waste. Environmental permitting is an example where a complex legislative regime has 
been simplified improving the ability for sites to be remediated more efficiently. The 
definition of waste however, is an area of legislation that has been heavily contested. The 
issue of the definition of waste and the criterion required for materials to cease to be 
waste are two specific examples of the issues faced. The ability to remediate material 
and reuse it either on the original site or another is clearly a positive environmental desire. 
However the definition of waste and consequential waste regulations have made such 
activities impossible in many cases. The drive to re-use of material and reduce the 
material going to landfill is heavily influenced by landfill tax and environmental concerns, 
and at the same time restricted by waste regulations. This is an ongoing challenge for the 
contaminated land industry.
This Technical Digest has given an overview of the legislative background to 
contaminated land assessment and remediation. The legislative regime is continuing to 
evolve, but still presents some difficult issues for regulators and practitioners. The areas 
of uncertainty are reducing but there is still scope improvement in the classification of 
contaminated land and waste.
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ATTACHMENT TD1.1
Waste Categorisation Flow Chart
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TD2.1 Introduction
The technical design and assessment techniques used in the UK are reflective of the risk- 
based approach outlined in the legislation. TD1 gives an overview of the legislative 
regimes used to define contaminated land in England and Wales. This Technical Digest 
is concerned with the guidance available to aid the assessment of contaminated land, 
specifically the risk-based approach to assessing contamination of a site.
The main guidance available for assessing land affected by contamination has been 
produced by Defra and the Environment Agency (EA) through the Contaminated Land 
Reports (CLR 7-10) which form the basis for the Contaminated Land Exposure 
Assessment (CLEA) Model. In addition to these, CLR 11 (Defra, 2004), provides a useful 
framework to be followed. All of this guidance is exclusively focussed on the protection 
against chronic human health effects. In 2008 significant changes were introduced to the 
CLEA model and associated guidance including the withdrawal of CLR 7-10 (Defra, 22 
July 2008). This TD gives an overview of the regime that was in place prior to these 
changes and during the majority of the research period. A brief summary of the updated 
guidance is included in TD2.3 for completeness.
It should be noted that CLEA is not the only exposure assessment tool available in the 
UK; the EA have provided guidance on the use of several others: SNIFFER, RISC, RBCA 
to name a few. Where the EA are consulted during the assessment of land contamination 
they are tentative in accepting alternative risk assessment methodologies, mainly due to 
variances in basic techniques. TD6 includes some of the tools available for the 
assessment of contamination concentrations and the subsequent exposure to site users.
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TD2.2 Contaminant Guidance Values
The following sections are concerned with guidance for the assessment of contamination 
concentrations on a site and the associated exposure models.
TD2.2.1 Historical Contamination Criteria ICRCL Guidelines
The issues surrounding development of contaminated land have been considered by the 
UK government for some time. The Interdepartmental Committee for the Redevelopment 
of Contaminated Land (ICRCL) was set up in 1976 to look at the issue of contaminated 
land in the UK and to produce guidance on how to deal with it. The committee produced a 
number of documents on contaminants associated with specific industries and also more 
generic guidance for assessing levels of contamination. The key document produced for 
the assessment of a site was The assessment and redevelopment of contaminated land’ 
(ICRCL, 1983), which outlined ‘trigger’ concentration levels in an attempt to define when 
remedial action was required. The document outlined two specific ‘trigger’ concentration 
levels for a range of organic and inorganic contaminants, to be applied to different 
expected land uses (see Figure TD1.2 below). Between these concentration levels the 
ICRCL (1983) report called for the ‘use of professional judgement to decide what action, 
would be appropriate.
These concentration levels were defined as:
• Threshold value: below which the soil is considered not to be contaminated
• Action value: above which there is assumed to be unacceptable risk to human 
health and action must be taken.
Importance of
A
Risk unacceptable -  treat 
as contaminated
Significance of risk 
depends on intended use 
and form of development
Action
required
Use professional 
judgem ent to 
decide whether 
action is needed
Risk is no greater than is 
normally accepted -  treat 
as uncontaminated
No action  
required
---------------------------------------------►
THRESHOLD ACTION Concentration of
VALUE VALUE Contaminants in Soil
Figure TD2.1: Schematic of ICRCL trigger levels (ICRCL, 1983)
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In research conducted by Rivett et al. (2002) an assessment was made of trends in 
remediation of contaminated land in the period 1996 to 1999. The survey highlighted 
several trends in contaminants present on the site. The main driver appeared to be 
organic contaminants, however there was evidence that the industry simply relied on the 
ICRCL limiting values and as such only tested for those named on the list. The opposing 
method would be a more risk-based approach based on the previous uses of the site 
(Petts et al., 1997; Petts and Butler, 1999). This varied approach indicates that better 
guidance and regulation was required.
These trigger levels were used for some time as generic levels for contaminants. 
However, as the understanding of risk from contamination was advanced and new 
legislation was introduced, the ICRCL guidance was superseded by more risk-based 
methodologies.
In 2000 the Department for Environment Food and Rural Affairs (Defra) issued a 
statement withdrawing the ICRCL guidelines (Defra, 2002a). It was noted that the 
approach had been useful as a guide for remediation requirements for some time, 
however it was no longer applicable under the contaminated land regime that came into 
effect in April 2000. The alternative developed by Defra and the Environment Agency (EA) 
focusses more on a site-specific risk-based approach to dealing with contaminated land, 
and takes the form of Soil Guideline Values (SGVs). The development and application of 
SGVs is described in detail below.
Industry best practice guidelines are developed to support the legislation produced by the 
government. A more detailed review of UK Legislation can be found in TD1. Where 
legislation contains phrases such as “suitable for use” (ODPM, 2004), when considering 
planning permission for a site affected by contamination for example, further guidance is 
required to quantify exactly what level of contamination would be acceptable within this 
concept. Government departments and advisory organisations such as the Environment 
Agency (EA) have produced technical guidance to support contaminated land legislation. 
Furthermore, organisations such as the Construction Industry Research and Information 
Association (CIRIA) have produced guidance and advice for best practice in industry. In 
the area of contaminated land there is a wealth of information that has been produced on 
the best practice for assessment of a site affected by contamination and design of 
remediation strategies, not only by the aforementioned groups. This section outlines 
some of the key guidance and state of the art practices used in assessing land affected by 
contamination.
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TD2.2.2 Risk-Based Assessment Regime (Pre August 2008)
The statutory regime was initially introduced in 2000 with Part IIA of the Environmental 
Protection Act (1990) and the Contaminated Land (England) Regulations 2000. During 
the following two years the implementation of the new regime was carried out alongside 
the phasing out of previous guidance; ICRCL ‘trigger values’. When these values were 
officially withdrawn in 2002 (Defra, 2002a), the replacement guidance was introduced 
through the Contaminated Land Reports (CLR) 7 to 10 and the Contaminated Land 
Exposure Assessment (CLEA) Model. The outcome of these were a series of Soil 
Guideline Values (SGVs) to be used as generic, ‘safe’ concentration levels for a range of 
contaminants. Emphasis was made on the need for additional assessment of site-specific 
SGVs for contaminated sites. The purpose of each of the core reports are summarised in 
Table TD2.1 below. The schematic (Figure TD2.1) outlines how CLR 7-10 and the CLEA 
Model fit together along with associated research to produce SGVs.
Report Description
CLR 7
Assessment o f Risks to Human Health from Land Contamination: An Overview  
of the Development o f Soil Guideline Values and Related Research.
CLR 7 serves as an introduction to the other reports in this series. It sets out the 
legal framework, the development and use of Soil Guideline Values; and 
references to related research.
CLR 8
Priority Contaminants for the Assessment o f Land.
This identifies priority contaminants (or families of contaminants), selected on the 
basis that they are likely to be present on many current or former sites affected 
by industrial or waste management activity in the UK in sufficient concentrations 
to cause harm; and that they pose a risk, either to human health, buildings, water 
resources or ecosystems. It also indicates which contaminants are likely to be 
associated with particular industries.
CLR 9
Contaminants in Soil: Collation o f Toxicological Data and Intake Values for 
Humans.
This report sets out the approach to the selection of tolerable daily intakes and 
Index Doses for contaminants to support the derivation of SGVs.
CLR TOX These reports detail the derivation of tolerable daily intakes and Index Doses for a range of contaminants
CLR 10
The Contaminated Land Exposure Assessment Model (CLEA): Technical Basis 
and Algorithms.
Describes the conceptual exposure models for each standard land-use that are 
used to derive the Soil Guideline Values. It sets out the technical basis for 
modelling exposure and provides a comprehensive reference to all default 
parameters and algorithms used.
CLR GV These reports set out the derivation of the Soil Guideline Values for the a range of contaminants
Table TD2.1 Assessment of risk to human health from land contamination. Key reports 
from Defra and the Environment Agency (Defra, 2002b)
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Human Health Effects
CLR 7 Overview of SGV development and related research
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Figure TD2.2 Schematic of interaction between CLR 7-10, research and CLEA Model
Best practice guidance for the process by which contaminated land should be assessed 
has been published by both CIRIA -  “Contaminated Land Risk Assessment” (CIRIA, 
2001) and Defra/EA -  CLR 11 “Model procedures for the management of contaminated 
land” (Defra, 2004) amongst others. The former offers detailed information covering the 
process of site risk assessment from gathering information (site investigation and desk 
studies), through to the assessment and communication of risk. There is also detailed 
information relating to other related topics such as ecological risk assessment, an area not 
generally considered in any great detail in contaminated land assessment in the UK. The
TD2 - 8
Engineering Doctorate: Regenerating the Brownfields 
TD2: Guidance and Best Practice 
detailed information given in the document offers useful guidance to designers, as well as 
specific case studies to be used as a reference in design.
The CLR 11 model procedures provide a technical framework to be used in the 
application of the risk management process for land affected by contamination. The 
document is consistent with the previous contaminated land reports (CLR 7-10), the CLEA 
Model and the approach presented by the EA, DETR and the Institute for Environmental 
Health: “Guidelines for Environmental Risk Assessment and Management”. The model 
procedures set out three stages in the framework, as shown in Table TD2.3 below. The 
three stages are:
risk assessment,
options appraisal,
implementation of the remediation strategy.
The guidance given in each of the chapters relating to these stages is fairly broad, 
however detailed information is supplied in two further sections of the report: ‘supporting 
information’ (more technical detail to support the framework) and ‘information map’ 
(sources of further information and guidance). Details of the process are not discussed 
further in this report.
Chapter 1
OVERVIEW OF MODEL PROCEDURES
Chapter 2 
Risk Assessment
Preliminary risk 
assessment
Generic quantitative 
risk assessment
Detailed quantitative 
risk assessment
Chapter 3 
Options Appraisal
Identification of 
feasible remediation 
options
Detailed evaluation of 
options
Developing the 
remediation strategy
Chapter 4 
Implementation of the 
Remediation Strategy
Preparation of the 
implementation plan
Design, 
implementation and 
verification
Long-term monitoring 
and maintenance
Chapter 5 
REFERENCES AND GLOSSARY
Figure TD2.3 CLR 11 Model procedures overview of guidance (Defra, 2004 p11)
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Toxicological Data
Within CLR 8 (Defra, 2002c) several frequently occurring, toxic contaminants were 
identified as ‘priority contaminants’. Toxicological data was then collated for these key 
contaminants to produce TOX Reports and to date 23 contaminants have associated TOX 
Reports published. Much research has gone into the toxicological effects of these 
contaminants, both commissioned by the EA and also independent of this. An example of 
such research has been conducted by Flynn et al. (2003) into the bio-availability of 
Antimony (Sb) which has been found in high concentrations on former mining sites in the 
UK. The form of Sb present was found to be biologically unavailable for a wide range of 
pH levels, indicating that it is uncreative and immobile in the soil. However, all pathways 
would need to be considered before a mine site was used for development. Sb may be 
immobile in situ, but if the ground were to be disturbed and contaminated, dust released 
the inhalation pathway could link human receptors to the source. A further point raised in 
through the paper is that the co-contaminants, such as arsenic and copper, were also 
found but in a bio-available state, posing a risk to human health regardless of Sb. This 
research highlights the need for good toxicological data for the contaminants found on a 
site to enable reasoned design decisions. If a contaminant is present in a form that is not 
readily bio-available then the concentration level is unrelated to the potential for harm to 
humans. For this reason, research into the physio-chemical behaviour of contaminants is 
essential to complete a representative assessment of the risks associated with a site. 
The secondary point illustrated is that contaminants often do not occur in isolation and 
although one may not pose a risk, others may.
CLR 9 described how the toxicological reports are put together and details the aims of the 
reports. Contaminants fall into one of two categories: threshold and non-threshold 
contaminants. The latter refers to “chemicals for which a threshold for health effects 
cannot be assumed, such as genotoxic carcinogens and mutagens!' (Defra, 2002b). The 
TOX Reports combine all relevant available information to assess the potential for harm 
from a given contaminant. The outcome of this assessment is in the form of health 
criteria: Tolerable Daily Intakes (TDIs) for threshold contaminants, or Index Doses 
(defined as minimal risk levels) for non-threshold contaminants. These parameters are 
then used in the CLEA Model, along with other site-specific data, to produce SGVs for 
each contaminant.
Soil Guideline Values
The first of the SGVs were published in 2002, offering some guidance as to contaminant 
concentrations in soil above which further assessment or remedial action is required; 
referred to as intervention values. These values have been developed with the aim of 
preventing chronic human health effects; acute effects on the wider environment are not 
included in the derivation of these SGVs. Initially generic SGVs have been published in 
reports by Defra for seven contaminants (Defra, 2002d):
- Arsenic (SGV 1)
Cadmium (SGV 3)
- Chromium (SGV 4)
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Compounds of inorganic mercury (SGV 5)
- Nickel (SGV 7)
- Selenium (SGV 9)
- Lead (SGV 10).
Two more SGV reports for contaminants have subsequently been completed (Defra, 
2003)
- Toluene (SGV 15)
Ethylbenzene (SGV 16).
One more SGV report was completed in 2005 (Defra, 2005a)
- Phenol (SGV 8).
It has already been noted that the CLEA model has been used to produce the SGVs for 
these contaminants. The CLEA model considers the ‘pollutant linkage’ based in a number 
of parameters: a given contaminant with associated TDI level or Index Dose, a given site 
scenario (approximate ground conditions and land use), a given pathway (or set of 
pathways) and receptor (age and gender are taken into account). From this information 
the exposure can be assessed and a guideline concentration derived. The technical basis 
and algorithms for the model have been published in a report by Defra (CLR 10) (Defra, 
2002e). The SGV reports for each contaminant consider three potential land use 
scenarios:
- residential (with and without vegetable growing),
- allotments,
- commercial or industrial.
It is noted in the EA Guidance on the use of SGVs that certain land uses may not be 
appropriate within the generic SGVs produced, such cases include sites used as: playing 
fields, schools or sites completely covered by hard standing. In these cases a detailed 
quantitative risk assessment is required and should include site-specific SGVs (EA, 
2003b).
Care should be taken in applying the SGV as each has been developed with a specific set 
of assumptions. In the case that the site being assessed is not directly comparable to 
those assumptions, the published SGV may not be the most appropriate value. In these 
cases the CLEA model can be used to develop site-specific SGV for the contaminant of 
concern.
TD2.2.3 Risk-Based Assessment Regime (Post Aug 2008)
The first of the SGVs were published in 2002, offering some guidance as to acceptable 
contamination levels for generic land uses. Subsequent developments in the state of
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knowledge lead to modifications of the underlying assumptions made in the derivation of 
SGVs. A draft revised contaminated land exposure assessment (CLEA) model was 
released in 2008 and continues to be improved. The main changes involved (EA, 2009a):
- revision of CLR9 and CLR10 that form the basis for the CLEA Model,
- revision of the approach to deriving toxicological information,
- revised approach for deriving health criteria values (HCVs),
updated data for the generic land use assumptions used in the CLEA model.
As a result of the new model the previous soil guideline values were withdrawn in August 
2008. New guidance values and TOX reports have been published since this date for 11 
priority contaminants (EA, 2009b):
Benzene
Toluene
Ethylbenzene
Xylenes
Mercury
Selenium
Arsenic
Nickel
Cadmium
- Phenol
Dioxins, furans and dioxin-like PCBs.
The following contaminants are under consideration (EA, 2009b)
Chromium
Cyanide
Lead
Polycyclic aromatic hydrocarbons.
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TD2.3 Summary
The risk-based approach is a positive step away from the target-based approach 
presented by ICRCL ‘trigger values’, withdrawn in 2002 (Defra, 2002a). The continual 
development of the guidance and scientific basis for risk assessment poses some 
challenges for the industrial practitioners who must keep up with changes. TD1 describes 
some of the issues associated with defining land as contaminated under Part IIA. 
Changes in the guidance to support the regulators and practitioners may add to these 
issues.
The guidance available does go some way to aid contaminated land assessment; 
however there is still work to be done. Currently, (after the 2008 updates) just 11 
contaminants have published Soil Guideline Value (SGV) reports offering a generic 
acceptable value for typical land use scenarios. The guidance is not a statutory 
requirement and so the Local Authority are free to accept alternate models for the 
assessment of contamination risk provided they are satisfied that the models are 
appropriate (Defra, 2008).
Within Part IIA contaminated land is defined as land which has significant possibility of 
significant harm. However, SGVs represent levels of acceptable risk from contamination - 
so how far above the SGV does the contamination have to be before there is a significant 
possibility of significant harm - i.e. an unacceptable risk? Defra have published a guidance 
note explaining why SGVs could not be directly used to meet the legal test in Part IIA but 
have not yet outlined what can be used (Defra, 2005b; Defra, 2008). This leaves it to the 
Local Authority to decide what is “significant”.
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TD3.1 Introduction
This Technical Digest, TD3, is concerned with how people make decisions and how this 
changes with experience and context. The literature reviewed first covers a number of 
approaches to decision making and the basis for them. The first part of TD3 also 
considers expertise and learning. Expertise may be defined in different ways depending 
on the context being considered. One key aspect to professional consultancy in the 
contaminated land sector is the need for continual professional development and training. 
Theories on how expertise is developed are discussed in Section TD3.2. Specific 
attention is then given to particular decision support tools and methods for dealing with 
uncertainty. In addition to the general description here, specific decision support tools for 
contaminated land assessment are discussed in TD6.
Theories of human decision making have evolved through research in cognitive 
psychology, social sciences and economics and can be classed as either descriptive or 
prescriptive (Klein and Methlie, 1990). Both of these categories have been included in the 
literature review.
The descriptive theories that have developed from cognitive psychology and social 
sciences address decision making in natural environments where there are typically large 
amounts of complex information and uncertainty. Contaminated land risk assessment can 
be considered to be such a decision context. Descriptive models include; Social 
Judgement Theory (SJT) and Naturalistic Decision Making (NDM) models and are 
discussed in sections TD3.4, TD3.5 and TD3.7. Section TD3.6 briefly discusses how 
decision making theories apply to organisational decisions where groups are involved in 
the decision making process. Section TD3.8 considers some of the key models 
developed for dealing with uncertainty.
Prescriptive theories of decision making have developed from economics, where utility 
maximising and subjective probabilities are considered to be the basis for decision making 
(Klein and Methlie, 1990 p12). In these models the ideal of rational choice dominates. 
The decision support systems resulting from these theoretical approaches are discussed 
in Sections TD3.9 and TD3.10.
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TD3.2 Expertise, Training and Learning
Firstly the concept of expertise is considered. Erricson et al. (2007) suggests that 
expertise is characterised by three features that relate to performance; consistently 
superior performance, concrete successful results (a chess player must win matches for 
example) and measurable success (the number of matches won can be measured). 
Orasanu and Connolly (1993) suggest that the benefits of expertise are dependent on the 
domain in which the decisions are made. In contexts where high computational effort is 
required there is little improvement seen in experts, however where there is a need to 
interpret ambiguous information and understand underlying causal relationships then 
experts perform better than novices (Johnson, 1988).
Klein (1999) discusses the difference between experts and novices and proposes that 
there are a number of skills that an expert has over a novice. These skills are born from 
experience and enable experts to perform more efficiently than novices. Klein (1999) 
describes these skills as abilities to see things that are ‘invisible1 to non-experts and are 
summarised below.
The ability to recognise patterns, or typicality. Without experience it is not 
possible to identify what is a typical feature and what is an anomaly. Also a 
novice will struggle to identify relationships between features that may be 
obvious to an expert. In a similar manner experts can identify when a typical 
feature is missing, which can be crucial to understanding the situation and 
provoking more detailed analysis of the information available. A novice may 
simply not know what to expect.
Understanding of the way things work. An expert will have mental models 
for the processes that control the features they see. In a management context 
this could be an understanding of how people work as a team. In a 
contaminated land context it may be an understanding of how contaminants 
have been deposited on a site and the mechanisms that control their transport 
across a site. When required to explain this way of thinking, an expert may be 
hesitant to break the details down into parts, as the relationships may be 
complex and dependant on a number of features. An expert may also have a 
number of ‘tricks of the trade’, or shortcuts to assessing information, as well as 
the rules for using them. A novice learning these for the first time is unlikely to 
have an understanding of their limitations. An expert will also understand the 
tools and equipment they use to a sufficient level that they are aware when the 
results are misleading. This may be physical tools, such as sampling 
equipment, or computer software.
Opportunities and improvisations. Key features of a situation may present 
an opportunity only recognisable by experts due to their experience. For 
example within the risk management context, knowledge of the local authority in 
the areas of the site and the regulator’s preferences, it may be possible to 
quickly assess the preferable remediation options that will be acceptable at this 
location.
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Fine discrimination. Experts see subtle differences that novices cannot. 
These are the differences that one can only be aware of after having 
experienced a variety of situations. The example Klein (1999) uses to 
demonstrate this is the ability of wine tasters to distinguish between grapes and 
even years of production, whereas to a novice wine is just generic. The 
differences cannot be taught as they are neither factual nor an insight of 
understanding, they can only be recognised through a variety of experiences.
- Situational awareness, seeing th e ‘big picture’. Where a novice may be 
overloaded with information as they assess each element separately, an expert 
will have the ability to view the problem as a whole rather than as constituent 
parts.
- Managing own limitations. Experts have an ability to see inward and 
recognise their own strengths and weakness and manage them. The ability to 
analyse one’s own thought processes is called metacognition. This requires 
awareness of memory limitations, seeing the big picture, self-critiques, and 
strategy selection.
Shanteau (1992) describes three views of experts from decision making research, 
cognitive science research and his own work. From the field of decision making research 
Shanteau (1992) suggests that, experts are considered to make inferior decisions as they 
use limited information leading to biases and are easily influenced by irrelevant 
information (Gaeth and Shanteau, 1984). Cognitive research, however, shows a benefit 
of expertise when comparing experts and novices. Cognitive research shows that 
expertise:
is domain specific,
- is reliant on automated processes, and
- can be studied through verbal protocols.
Shanteu’s (1992) third view of expertise is that the performance of experts is dependent 
on the problem type and task constraints. The characteristics of experts presented by 
Shanteau (1992) relate closely to the skills proposed by Klein (1999). The nine skills 
noted are:
- perceptual and attention abilities,
- a sense of relevance of information, 
ability to simplify problems,
- communication skills,
ability to handle adversity and accepting mistakes, 
ability to adapt to exceptions,
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self confidence,
- ability to adapt decision strategies, and
- a sense of responsibility.
A study by Randel et al. (1996) included a comparison of expert and novice situational 
awareness in a naturalistic decision task. The study showed that experts spend more 
time in problem framing than in selecting a course of action, whereas novices appeared to 
be more concerned with the decision outcome. It appears that for an expert, once the 
situation is understood the required course of action becomes obvious from their 
experiences. Although there was no demonstrable difference in the information used or 
the knowledge of the novice and experts; the experts used the cues in a way that gave 
them better situational awareness. Randel et al. (1996) also noted that the experts used 
cues and decision rules as shorthand for consequences and detail, and how conflicting 
rules were resolved as experts knew the appropriate exceptions to apply. Whilst this 
study demonstrates a difference in the approach to problem solving of experts and 
novices, it does not directly suggest that the course of action chosen by experts is 
superior. There is an inherent assumption that experts will take an appropriate course of 
action by virtue of their status as an expert. This may not always be the case.
Schon (1983) describes reflection in the action of professionals, which relates to Klein’s 
observations of an expert’s ability to manage their own weaknesses. Schon (1983) uses 
examples of architects and psychotherapists and draws similarities between them. The 
approach of the professionals to unique problems (a new design problem or patient) 
involves drawing on past experiences and looking at previous familiar scenarios for 
metaphors or examples of the type of problem faced. This is described as the problem 
framing stage. The fact that the new situation has not been encountered before does not 
cause the professional in question to dismiss past experiences. Experts are aware of 
their own thought processes and can take the time to consider them. Reflection in action 
is not advantageous in situations where rapid action is required, and a more instinctive 
decision process is needed (Schon, 1983).
To be able to acquire the skills of an expert, experience and training is needed. A 
suggested minimum amount of time to become an expert is ten years (Ericsson et al., 
2007), however time served in a profession is not sufficient in itself to make an expert. 
The Dreyfus and Dreyfus (1986) model for the progression from novice to expert is made 
up of five levels of expertise. The emphasis is on skills of perception and decision making 
rather than routine actions. This is consistent with Klein’s (1999) list of expert skills and 
Randel et a/.’s (1996) observations of expert situational awareness. The essence of 
expertise in this model is considered as both having known routines and maxims and the 
ability to use them (Eraut, 1994). The five levels of expertise in the Dreyfus model are 
summarised below (as discussed in Eraut, 1994).
1. Novice: following rules without situational perception or judgement.
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2. Advanced Beginner: situational perception is still limited, but decisions on action 
are based on broader attributes recognised from experience. No prioritisation is 
made of the attributes and aspects assessed.
3. Competent: more standardised procedures are applied, long-term goals are 
considered and there is a better ability to deal with larger volumes of 
information.
4. Proficient: a holistic view of the decision situation is applied rather than equally- 
weighted attributes and aspects, and prioritisation of information is made. 
Anomalies are recognisable that differ from familiar patterns, decision making is 
easier.
5. Expert: no longer relies on rules, guides or maxims, more intuitive approach can 
be applied with analytical methods only used for anomalies.
Anderson (1985) describes three stages of knowledge acquisition that are representative 
of cognitive psychologist’s view of the process. The stages are cognitive (thinking about 
how to solve the problem), associative (using past experiences) and autonomous (more 
instinctive decision making), and are similar to the phases described in the Defray levels 
of expertise listed above.
Ericsson et.al. (2007) suggests that experts not only practise deliberately to gain the most 
out of their experiences, but also think deliberately (i.e. rather than just acting there is 
planning involved). In executing deliberate practise, the expert is continually aiming to 
eliminate their weaknesses. One feature of this is to use expert mentors to offer feedback 
and advice. To become, and remain, an expert takes time and deliberate attention to their 
practise of the expert’s skill.
The approaches to decision making of experts and novices are expected to differ, as 
noted above. Experts can be expected to put greater emphasis on problem framing and 
understanding the issues to be dealt with. Several theories have been developed in 
different contexts to describe how decisions are made; economics, cognitive psychology 
and social sciences. The descriptive models, in the field of decision making focus on the 
decision process actually used rather than the methods required to optimise decision 
making as suggested by prescriptive theories. The quality of the decision outcome has 
not been directly addressed and the assumption is that expert decision makers do make 
good decisions, by virtue of their status as experts. However it has been noted this may 
not always be the case. Some of the key theories and models for decision making that 
may apply to contaminated land assessment are summarised below, in addition tools for 
decision support are also considered.
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TD3.3 Classical Decision Making
Classical Decision Making (CDM) is characterised by four key features:
1. choice (selecting between alternatives),
2. input-output orientated (given decision makers preference which option should 
be chosen),
3. comprehensiveness (deliberate and analytic process requiring comprehensive 
information search), and
4. formalism (abstract context free models that can be tested quantitatively).
The application of CDM is based on the assumption that an optimal decision can be 
reached by assessing all of the information available, and attaining the pre-defined goals 
of the decision maker. Subjective Expected Utility (SEU) describes the normative view 
assuming four things (Simon, 1986):
1. the decision maker has a well-defined utility function that they can apply,
2. the decision maker has a well-defined set of alternatives from which to choose,
3. the decision maker is capable of assigning probabilities to the outcomes and 
future events, and
4. the decision maker will or should choose the option that maximises gains based 
on their utility function.
Simon (1986) argues that this is not a viable theory of decision making in real world 
contexts. Firstly, the amount of information available in natural decision contexts may be 
large and poorly defined and so a comprehensive assessment of information may not be 
possible. Secondly, human cognition is limited making the application of utility functions 
and probability assessments unlikely. It is clear however that people can make decisions 
without the use of a computer or external aid for assessing information. The quality of 
these decisions is not of concern, rather an assumption that adequate decision making is 
carried out and actions taken. The process by which these decisions are made is the 
primary area of interest. Some alternate views on decision making in complex natural 
decision contexts, such as contaminated land assessment, are described below.
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TD3.4 Social Judgement Theory
Social Judgement Theory (SJT) is closely linked with the research carried out by 
Brunswick (1952) and was developed through the 1960s and 1970s (Cooksey, 1996a). 
Hammond, Stewart, Brehmer and Steinman (1975) noted the difficulties that ambiguity of 
information in natural environments poses to decision research in their article ”The 
Organism and the Casual Texture of the Environment’ as early as 1935 (reproduced in 
Klein et al., 1995 p210). SJT represents steps in decision making research to move 
away from lab-based experiments that were described as potentially “artificial and non- 
representative" (Jenkins, 1974) to alternative methods that better represent the more 
ecologically valid problems of everyday life (Hammond et al. 1986). SJT is based on the 
observation that casual ambiguity exists in the decision environment with complex 
interrelated variables; some relevant, some irrelevant (Klein et al., 1995). To deal with 
this ambiguity a number of cognitive processes are necessary (perception, learning and 
thinking). The variables cannot always be manipulated or tested to establish their 
relevance; rather passive assessments are made of their relevance and meaning; i.e. 
judgements. To invoke judgement-based decision making a complex decision 
environment is required. As such controlled lab-based experiments should be replaced by 
studies of the decision maker in their natural environment where complexities exist.
TD3.4.1 Lens Model
The early research by Brunswick is described as “Probabilistic Functionalism” psychology 
and was coupled with multiple-correlation and regression statistical analyses to develop 
the Lens Model. The Lens Model is a representational device to describe human 
judgement in certain ecological circumstances (Cooksey, 1996a). The Lens Model 
represents how perceptual information is combined to form a judgement about a situation. 
The idea of perceptual inference requires the distinction between surface cues (i.e. the 
information given) and depth conditions that are inferred from the surface cues (i.e. causal 
and underlying relationships) (Hammond et al., 1986). The difference is illustrated by 
Beach (1997) through the example of a table top. When you look at a table top you see a 
trapezoid, however you infer that the table top is rectangular. Similarly as you move 
around a table looking at it the surface, the information received by your eye changes, 
however you do not take that to mean that the table top changes shape as you move; 
rather that it remains a rectangle. This is ‘perceptual constancy’ and has been studied for 
over a century (James 1890/1983). The Lens Model summarises the interpretation of 
surface cues as shown in Figure TD3.1 below (Hammond, 1993 p211).
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ACHIEVEMENT (ra)
CRITERION JUDGEMENT
Validity (ra>l) Cue Utilization (rSi,)
Cues (XJ
Note: “Schematic illustration of the relation of achievement (r^ and ecological validities; of cues 
(reJ) and cue utilization (rsi): on a posteriori decomposition of a person’s judgment process” 
(Hammond, 1993 p211)
Figure TD3.1 Schematic of the Lens Model (Hammond, 1993 p211)
As opposed to more prescriptive approaches to describing decision making, the Lens 
Model is a descriptive model that is used to analyse judgements after they have been 
made. It uses multiple regression analysis to identify the relationship between the 
environmental cues and the judgements made by the subject. This relationship is 
represented in the Lens Model Equation;
Ys (Judgement) = £(fr x Variable) + c Equation 1
Where:
pi = the standardised coefficients that weight the influence of each variable derived from 
multiple-regression analysis; and
c = constant.
The Lens Model offers a method for studying the decision makers’ policy for decisions 
made in natural environments, and may be used as an Optimal decision policy (Beach, 
1997). The Lens Model has enabled widespread application of SJT (Cooksey, 1996a, 
Rothrock and Kirklik, 2003, Strauss and Kirlik, 2006).
TD3.4.2 Cognitive Continuum
Social Judgement Theory and the Lens Model promote representative studies of human 
decision making and can be considered as methods for testing the predictions of 
Cognitive Continuum Theory (CCT) (Cooksey, 1996b). The CCT has developed from the 
work of Brunswick and depicted by Hammond (1993).
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The decision making process is not clear cut and Cognitive Continuum Theory suggests 
that there is a range of cognition along which a decision maker will move depending on 
the situation at hand and the stage of the decision making process (Hamm, 1988). The 
continuum ranges from purely analytical decision making to purely judgement-based 
decision making. Pepper (1942) (as noted by Klein, 1995) was first to suggest that the 
decision making process oscillates between analytical and intuitive decisions, becoming 
more analytical with more accuracy required but also uses intuitive reassurance of the 
answer. The type of cognition performed is based on the complexity of the environment
and the level of uncertainty associated with cues and their use. This also leads to the
idea of a task continuum whereby the task situation, or decision context, can range 
between intuition-inducing and analysis-inducing tasks (Hammond et al., 1980). The 
features that vary are:
- the complexity of the task;
- the ambiguity of the context; and
- the form of the task presentation (e.g. definition of the cues).
Table TD3.1 (Klein, 1995) summarises the conditions proposed for the extremes of the 
continuum scale.
Task Characteristic Intuition-Inducing State 
of Task Characteristic
Analysis-Inducing State of 
Task Characteristic
1. Number of cues Large (>5) Small
2. Measurement of cues Perceptual measurement Objective, reliable 
measurement
3. Distribution of cue 
values
Continuous, highly 
variable distribution
Unknown distribution, cues 
are dichotomous, values are 
discrete
4. Redundancy among 
cues
High redundancy Low redundancy
5. Decomposition of task Low High
6. Degree of certainty in 
task
Low certainty High certainty
7. Relation between cues 
and criterion
Linear Non-linear
8. Weighting of cues in 
environmental model
Equal Unequal
9. Availability of 
organising principle
Unavailable Available
10. Display of cues Simultaneous display Seguential display
11. Time period Brief Long
Table TD3.1 Inducement of intuition and analysis by task conditions (Hammond, 1993
p216)
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SJT researchers consider that it is not possible to assess information in terms of pattern 
recognition (more intuitive end) and functional relations (more analytical end of the 
continuum) at the same time (Hammond and Brehmer (1973) described in (Klein 1995 
p215)). The properties of the two extremes are summarised in Table TD3.2.
Intuition Analysis
Cognitive control Low High
Rate of data processing Rapid Slow
Conscious awareness Low High
Organising principle Weighted average Risk specific
Errors Normally distributed Few but large
Confidence High confidence in answer, low confidence in method
Low confidence in answer, 
high confidence in method
Table TD3.2 Inducement of intuition and analysis by task conditions (Hammond, 1993
p216)
The idea of a range of types of cognition depending on the situation at hand offers a link 
between theories of decision making. Another area of research into human decision 
making is Naturalistic Decision Making (NDM) that focuses more heavily on the intuitive 
end of the cognitive continuum and very much in the realm of representative studies of 
natural environments.
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TD3.5 Naturalistic Decision Making
NDM is a relatively new area of research and includes a series of descriptive theories of 
how people make decisions in natural environments. The research addresses applied 
situations where decision makers can gain expertise in a given task, for example 
surgeons or pilots (Jungermann, 2001).
Orasanu and Connolly (1993) propose a definition of NDM that is based on eight factors 
that describe the decision context in which NDM applies. These factors are:
time pressures,
ill structured problems,
- uncertainty,
ill-defined, shifting or competing goals,
- high personal stakes, 
multiple event feedback loops, 
multiple players, 
organisational settings.
Klein (1999) refers to the essential characteristics of NDM that largely agree with the 
Orsanu and Connolly (1993) definition:
proficient decision makers,
process orientation,
situation -  action matching decision rules,
- context-bound information modelling, and 
empirical-based prescription.
These features, and those of Orasanu and Connolly (1993), describe the contaminated 
land assessment context. Although the time pressures may not be acute they still exist as 
the decisions are made in a commercial context.
Beach (1997) describes four types of NDM models:
1. recognition,
2. narrative,
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3. incremental, and
4. moral or ethical models.
Beach (1997) also goes on to present Image Theory as an attempt to offer a 
comprehensive theory that brings together the aforementioned models. NDM models and 
Image Theory are described below.
TD3.5.1 Recognised Primed Decision Making (RPD)
Recognition models are based on the decision maker being able to relate the present 
situation to their previous experiences. Based on this recognition the decision maker can 
then respond with a decision or action. The RPD model applies to situations 
characterised by the following features (Klein ef a/., 1989):
- high time pressure,
- large amounts of information, and
changing conditions in the decision context.
The model has been developed through studies of experienced personnel including fire­
fighters and paramedics. The model suggests that under the high pressure conditions, 
experienced decision makers recognise elements of the situation, can infer the causal 
elements involved and will have expectations about how the event will develop over time, 
all based on their training and experiences. This will then lead to a straightforward 
decision on an appropriate course of action, without the need to compare options and 
weigh up possible outcomes. Should any of the expectations be violated at any point as 
the situation progresses, then more information can be sought and the decision 
reconsidered. Klein suggests that the RPD Model has three levels of complexity as 
shown in Figure TD3.2 below (Klein and Klinger, 1991):
1. simple match (same as a previous experience),
2. developing a course of action (mental simulation to check it will work),
3. complex RPD strategy (mental simulation of the option to consider
consequences and modification of it).
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A: Simple match
B: Developing a course 
of action
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information
Activation of information 
from memory
Actions 1...n
Figure TD3.2 Schematic of RPD process (Klein, 1993 p140)
The process used to study these conditions has involved the use of the critical decision 
method (Klein et al., 1989). The method is based on the assumption that the non-routine 
events will require experienced personnel to demonstrate their decision processes most 
clearly. An interview-based method was used relating to actual events that the 
participants had experienced, and thus basing the descriptive model of decision making 
on natural environments (Klein, 1989). This approach to research is a key feature of 
NDM.
Klein (1993) notes that recognition decision process are more likely to occur under high 
time pressure where decision makers are required to be responsive to a changing 
scenario, for example fire fighting. More analytical approaches are likely to be applied 
where the data available are abstract and alphanumeric rather than perceptual cues, 
where there may be conflict in the decision stakeholders and where there is a need to 
justify decisions made.
TD3.5.2 Narrative
Three narrative models are presented by Beach (1997):
1. the scenario model (Jungermann and Thuring, 1987),
2. the story model (Pennington and Hastie, 1986,1988), and
3. the argument model (Lipshitz, 1993).
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Scenario Model
The scenario model is based on the presumption that the decision maker is required to 
forecast future events that will occur as a result of the decision process. The model 
comprises four stages:
1. problem framing and identification of the goal of the decision,
2. construction of the causal relationships and a series of if-then statements 
representing known and inferred relationships with the decision context,
3. plausible values are assigned to the if part of the if-then statements, and
4. the causal model is run for a series of scenarios to find the logical implications 
of that scenario.
Most causal models are only applied in a cognitive sense, and as such are often 
simplifications of reality. It is possible to develop causal models using formal techniques. 
The causal model is focussed on future events rather than the analysis of current or past 
events.
Story Model
In contrast to the forecasting of the causal model, the Story Model is concerned with 
constructing a believable explanation for historic events that have lead to a current 
situation. An example application of the Story Model would be juror’s decisions 
(Pennington and Hastie, 1993). The Story Model fits within the theory of explanation- 
based decision making which is based on the decision maker starting the process by 
creating a retrospective casual model to explain the available facts. The method is 
applicable for conditions where a large base of implication-rich conditionally dependant 
pieces of evidence must be evaluated as a preliminary to choosing a course of action 
(Pennington and Hastie, 1993). Confidence comes when the best story can be chosen 
that is compatible with the information available. Pennington and Hastie (1988) tested this 
by exposing jurors to evidence in different order that made the story easier or not 
understand and it affected their decisions; demonstrating that stories were used to 
organise the information and knowledge about the situation.
Explanatory Coherence by Harmony Optimisation (ECHO) is a computational counterpart 
to the Theory of Explanatory Coherence. The two have been brought together in a 
computer model called Convince Me and tested against the Pennington and Hastie (1992) 
study of Juror decisions (Byrne, 1995). The Convince Me tool allows the user to set up a 
series of rules for the construction of a believable story-based on causal links.
Thagard (2004) compares the causal inference ideas of Pennington and Hastie (1992) 
with Bayesian networks for juror decisions. In this case it was found that the inference 
method for explaining juror decisions was preferred for computational and psychological 
reasons (i.e. limitations in human cognition to apply conditional probabilities as required in 
the Bayesian models).
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Argument-Driven Models
The basis for these models is that stories and scenarios are important, but also that the 
comparison of pros and cons to options are central to decision making. The process of 
selecting an option and then defending that choice afterwards are also considered 
(Beach, 1997). Lipshitz (1993) proposes that probabilities of cause and effect should not 
be the root of the decision process, but rather argument of the advantages and 
disadvantages of choices should dominate, allowing the decision maker to consider the 
possible outcomes and also the certainty of them. The Argument-Driven Action (ADA) 
model incorporates uncertainty as a reason for decision making to reduce any unknowns, 
whereas more normative approaches tie the uncertainty to probabilities of certain events 
occurring as a result of the decisions made.
TD3.5.3 Incremental Models and Moral and Ethical Models
Incremental models describe the decision making process and the implementation of 
decisions as separate actions. Incremental models have been developed in 
organisational decision making (see below) where decisions are made in a stepwise 
fashion with stages of feedback and review of the option available happening periodically 
(Lindblom, 1959). The need for feedback and modification of the decision making process 
to remedy what is wrong with the present situation, is reflected during the implementation 
phase to adapt to the progress of action.
Morals and ethics of the decision maker are often omitted from models of decision making 
but arguably play a role in the decisions made. The morals of the individual may lead to 
the decision maker being obliged or committed to a particular course of action (Beach 
1997).
TD3.5.4 Image Theory
Image Theory is used to describe decision making as it happens rather than to prescribe 
how it should be done (for individuals and organisations). Initially possible options are 
screened-based on their violation rate with regard to the decision makers’ “images”. 
These images are made up of:
- the decision maker’s values morals or ethics (i.e. how things should be done or 
people should behave),
- the trajectory-based on the goals and agenda (i.e. what the decision maker 
wants to achieve), and
strategic elements that make up the plan for achieving the decision goals or 
trajectories (i.e. how the decision maker intends on achieving their goals).
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Framing brings together all of the relevant information. Two kinds of decision are 
described:
1. adoption using a course of action used before; or
2. progression that allows the decision maker to move towards a goal.
The mechanism by which the decision is carried out is through compatibility testing and 
profitability testing. Compatibility testing is where the violations of the option against one’s 
own images are measured until a rejection threshold is reached. If there is no obvious 
solution from compatibility testing, profitability is assessed, i.e. selecting the best option. 
Beach (1997). Figure TD3.3 below illustrates Image Theory.
Adoption
Decisions
Images Progress
Decisions
Single
Survivor
Multiple
Survivors
Adopt
Profitability
test
FRAME
Adopt or 
Reject
Multiple
Candidates
Single
Candidate
Compatibility
Test
Compatibility
Test
Adopt best 
candidate
TRAJECTORY
Goals
VALUE
Principles Stay with status quo 
or change plan or 
goal
STRATEGIC
Plans
Tactics
Forecast
Figure TD3.3 Schematic of Image Theory (Beach, 1997 p166)
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TD3.6 Organisational Decision Making
Organisational Decision Making (ODM) is characterised by the involvement of multiple 
actors in the decision making process. The decision making tasks are divided between 
groups, each group will act in a quasi-independent manner with some form of overall co­
ordination (Klein and Methlie, 1990). ODM has many similarities with NDM, as both relate 
to the actual decision process employed by decision makers in natural contexts 
(organisational or real world) (Lipshitz et al., 2006). Both have moved away from 
normative decision theories where utility maximisation and probabilistic decision making 
using all information is suggested. Models of organisational decision making include 
(Beach, 1997):
rational choice (early normative model);
structural models where instrumentalism is used (Linblom, 1959);
the garbage can model-based on the assumption that organisations are 
“organised anarchies” (problems, solutions and opportunities and participants 
are unpredictably mixed up in a ‘garbage can’), suggesting that decision makers 
have divided attention and that decisions are not made in a linear, rational way 
(Cohen, March and Olsen, 1972);
participation mode where involvement of organisation’s members can improve 
decision making in some contexts.
ODM can be linked back to the work on Bounded Rationality (Simon, 1986), which 
contrasted with classical decision theories that had assumed that the decision process 
could consider infinite amounts of information. Essential bounded rationality involves the 
idea of simplifying the problem encountered to a manageable approximation that can be 
assessed. The salient information is taken and used to make the decision. The use of 
heuristics (limited information) for individual decision making is discussed below.
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TD3.7 Heuristics
As noted in ODM, Simon (1986) describes the idea of a bounded-rationality which allows 
for limitations in the ability of humans to process information. Simon proposed that limited 
information is used in decision making in real world scenarios, and that the use of short­
cuts will still produce rational and reasonable decisions.
Fast and Frugal Heuristics (Gigerenzer and Goldstein, 1996) is a theory of human 
decision making that is developed from the bounded-rationality view proposed by Simon. 
Fast and Frugal models use the minimum number of cues possible to come to a decision, 
as such opposes the idea that linear regression can be used to weight all of the 
information, as in the Lens Model and SJT. The regression models assume everything is 
used and that the human brain is capable of weighting and summing the information. This 
assumption may not be psychologically valid, as the human brain has limited cognitive 
capacity (Gigerenzer and Goldstein, 1996). The matching heuristic would suggest that a 
satisfying approach is taken where the first most important cue is taken and checked for 
ability to provide a solution. Where this cannot be done the next best cue is used, and so 
on and so forth. This is described as the Take the Best’ heuristic (Czerlinski et al., 1999). 
There are certain contexts in which this type of heuristic performs better than others, 
possibly dependant on the amount of information available. Martingon and Hoff rage
(1999) suggest that environments with scarce information favour the simple heuristics 
models. The same is also true where one cue dominates the decision process, where 
one very good cue is available decision makers will give preference to this information. It 
is also suggested that the decision strategy used will vary depending on the context. This 
concept of varying decision processes is explored in the cognitive continuum described 
above.
In all of the NDM and SJT theories and models described above it is the complex and 
uncertain real world environments that are considered to be key to the decision processes 
proposed. The following section describes some of the tools that are available to support 
decisions in this context.
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TD3.8 Decision Support and Expert Systems
Decision Support Systems (DSS) have developed from applications of quantitative models 
in management contexts (Klein and Mathlie, 1990). The focus has been on how to 
improve human decision making with the use of computers. The assumption is that a 
normative approach to decision making in what are termed 'ill-structured' situations is 
used. In an ill-structured decision context there is not a straightforward solution. The 
scenarios are characterised by the following features (Klein and Mathlie, 1990):
- preferences and judgements of the decision maker are essential,
- search for a solution implies the use of information, structuring of the problem, 
computation and data manipulation,
- the sequence of actions in the search for a solution is not known, 
there are numerous and possibly conflicting criteria for the decision,
- there is limited time,
the problem evolves rapidly.
This is reflective of the natural environments described above and can be related to 
contaminated land assessment. In the contaminated land decision context there are 
consistent features of each decision however each site is unique and presents its own 
challenges. The complexity of the decision is also increased as there are competing 
objectives for economic profits, aspirations of the local society and environmental 
protection (Marcomini and Suter, 2009). The nature of the ill-structured situation and 
complex decision context leads to the need for judgement in the decision making process. 
DSS are designed to support human judgement, rather than replace it. Jaing and Klein
(2000) have conducted a study into the influence of DSS guidance on the method of 
decision making chosen by the user. If the aim of the DSS is not to replace the decision 
maker but to keep the decision control with the user, it is important that the guidance for 
using the system is not too prescriptive or biased towards one model over another.
A DSS is a computer-based model that including one or more models of decision making 
that are used to process input data from the user to produce a decision outcome or 
recommendation. These models can vary greatly in the way in which data is represented 
and manipulated. For example the model may be deterministic or stochastic, static or 
dynamic, linear or non linear (Klein and Mathlie, 1990). Expert Systems (ES) were 
developed in parallel to DSS during the mid 1960s (Liao, 2005). An ES, contrasts with a 
DSS as it will include both a knowledge base of factual information and a theoretical base 
of rules and axioms that can be used to connect the cause and effects. An ES is capable 
of using knowledge and procedures to solve problems at the level of a professionally 
trained human. The types of task that an ES would be designed to solve include (Klein 
and Mathlie, 1990): interpretation, prediction, diagnosis, prescription, design, planning, 
monitoring, control, and instruction.
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Liao (2005) carried out a review of ES developed over a decade (1995 to 2004) and noted 
that the models developed are tending towards expertise orientation. The categories of 
ES that Laio observed were; rule-based, knowledge-based, neural networks, fuzzy expert 
systems, object-oriented systems and case-based reasoning. The rule-based systems 
are the earlier developments in ES that may or may not include uncertainty handling 
(O’Keeffe and Preece, 1996). Liao also suggested that ES could be implemented in the 
social sciences and psychology as alternate methods of studying decision making.
The perception and use of ES in organisations is important to the success of the systems. 
Klein and Jiang (1999) conducted a study of the use of ES. The findings found that 
although the systems employed did help the novice decision maker, the process of using 
the system removed the satisfaction for the user. Although the systems may be 
technically successful, the human-computer interaction requires consideration. In a 
review of Knowledge-Based Systems (KBS), O’Keefe and Preece (1996) note that ES 
have met with both success and failure. KBS is the preferred term for ES within 
Operational Research. O’Keefe and Preece (1996) describe three features of a KBS:
- an explicit knowledge base that is separated from the reasoning process;
- qualitative reasoning should be included, at least in part, such that semantic 
objects require some definition; and
that the KBS should perform some of its reasoning-based on dynamic changes 
in knowledge.
KBS is described as distinct from DSS as the user input to the decision making process is 
not explicit in a KBS, where much of the reasoning is embedded in the system itself 
(O'Keefe and Preece, 1996).
If the aim of an ES is to mimic the decision making of an expert then the attributes of an 
expert should be understood. Shanteau (1992) notes that the ES approach looks to 
combine the knowledge base with a set of rules or theories for using that knowledge. 
Whilst an expert must have knowledge and experience to be a classed as an expert, there 
may be other attributes that are not incorporated in ES (see section TD3.2 for discussion 
of expertise). The need to understand an expert’s approach to decision making from the 
expert point of view is necessary to assess whether the other attributes of expertise can 
be included in an ES (Shanteau, 1992).
These systems are based on the ideals of rational choice and utility maximisation, i.e. the 
decision maker is driven to find the best solution possible in terms of the goals set. In 
doing so there are often trade offs to be made. In environmental decision making these 
variables can have complex relationships and be difficult to measure. Below is a 
description of some specific support tools that have been developed to help with option 
selection.
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TD3.8.1 Multi-Criteria Decision Analysis
Multi-Criteria Decision Analysis (MCDA) is an example of a DSS where the process offers 
a method of combining input data from the user to produce a decision outcome. MCDA is 
used to clarify decisions made under uncertainty with varied and often competing 
preferences that influence a choice of action. MCDA is both an approach and a set of 
techniques that aim to aid the ordering of options to distinguish a preferred option (DTLR, 
2001). MCDA was developed from the expected utility rule from normative theories of 
decision making (described in Section TD3.3 above).
Methods for MCDA include: Utilitarian such as Multi-Attribute Utility / Value Theory (MAUT 
/ VT) (Keeny and Raiffa, 1976) or Simple Multi-Attribute Rating Technique (SMART) (Von 
Winterfeldt and Edwards, 1986) hierarchical methods such as the Analytical Hierarchy 
Process (AHP) (Saaty, 1980); outranking methods such as Elimination and Choice 
Expressing Reality (ELECTRE) (Roy, 1986); and statistical / probabilistic methods such as 
Bayesian Belief Networks (BNN) (Pearl, 1985).
The Analytical Hierarchy Process (AHP) has been widely used to aid decision making in 
several disciplines, including environmental ones, where trade offs are required between a 
range of factors (Bello-Dambatta etal., in press). The process of offsetting environmental 
factors in this way has attracted criticism (French, 1988). Amongst the criticisms the scale 
of ranking pairs of data is a key issue; where the process of weighting is carried out before 
scales of each item are defined, also there is no theoretical basis between descriptions of 
the ranking scale and the scale itself. Criticisms such as these suggest a reduced 
confidence in the AHP method as a robust tool for combining data types.
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TD3.9 Dealing With Uncertainty
Funtowitz and Ravetz (1992) suggest a model for scientific research that relates the 
uncertainties of the system being studied to the decision stakes, as shown in Figure 
TD3.4. Applied science represents the lab-based experiments that have relatively low 
decision stakes relating to the outcome and low uncertainty in the data. The post normal 
science at the other end of the spectrum would include work such as climate change 
prediction, where there are large system uncertainties and high stakes resting on the 
outcome of the analysis. In between these extremes is professional consultancy, where 
uncertainties must be managed. Contaminated land risk assessment would fit into this 
category. Uncertainty exists in this situation, however experienced practitioners have 
developed mechanisms to deal with it sufficiently to take action.
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Figure TD3.4 Schematic of scientific research system uncertainty and decision stakes
(Funtowicz and Ravetz, n.d.)
The issue of communication of uncertainty between the science community and the policy 
making community is the centre of a recent paper by van der Sluijs (2007). Essentially 
policy making is a decision making process which is, in the case of environmental policy, 
based on science, hence the interaction of the two communities. Van der Sluis (2007) 
presents the key insights from the international symposium “Uncertainty and Precaution in 
Environmental Management (UPEM)” and, most interestingly, recent work on; uncertainty 
philosophy, concepts, terminology and methods. The work by Smits (2006) is discussed 
in some detail and applied to environmental assessment and associated uncertainty. 
Smits’s philosophy is based on the idea of monsters; described as a two-sided 
being/concept made up of opposing view points that seem impossible to unite. This is 
applied by van der Sluijs (2005) to the context of the science community’s work for policy 
making. At this science-policy interface we have uncertainty where there is knowledge
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versus ignorance coming together, and objectivity versus subjectivity giving rise to 
‘monsters’.
Smits (2006) also presents four basic methods for dealing with these monsters, each with 
their own advantages and limitations. These methods can be clearly applied to the way in 
which uncertainty is addressed in modelling of the environment:
- Exorcism: uncertainty is undesirable and so this approach tries to eradicate it 
by taking the view that there is an absolute solution to be found. The limitation 
to this comes in the complexity of the system being modelled, where an 
absolute answer may simply not be possible.
Adaptation: this approach looks to quantify the uncertainty, ideally objectively 
but if this is not possible then subjective judgements are made.
- Embracement: this approach welcomes the uncertainty and sees it as integral 
to appreciation of the problem at hand. This can also be used to critique 
judgements made in risk assessment by pointing out the vast number of 
uncertainties associated with a model.
Assimilation: by reassessing the opposing categories the monster can be 
assimilated into one or other and thus removing the problem. In terms of 
uncertainty, van der Sluijs advocates a drive towards transparency to allow the 
decision makers to accept uncertainty and incorporate it into risk assessment.
Walker et al. (2003) offer a 3-dimensiona! concept that aims to provide a systematic 
method for treating uncertainty in decision support that would fit into Smits’s (2006) 
embracement method for dealing with the problem. The framework is set against the 
backdrop of difficulties in defining uncertainty in policy making, and differences between 
the policy makers and the scientists. The three dimensions each have definitions and a 
number of elements to them. They are summarised here;
“i) the location of uncertainty -  where the uncertainty manifests itself in the 
model complex;
ii) the level of uncertainty- where the uncertainty manifests itself along the 
spectrum between deterministic knowledge and total ignorance
Hi) the nature of uncertainty -  whether the uncertainty is due to the imperfection 
of our knowledge or is it due to the inherent variability of the phenomena being 
described.” (Walker etal., 2003 p8)
Walker et al. (2003) go on to propose an “uncertainty matrix” that can be used to describe 
the uncertainties in a given model (see Table TD3.3). The purpose of the matrix is to 
ensure that modellers identify and prioritise the uncertainty contained within the model to 
better aid the decision makers that are using it. This model is just one example of the 
approaches to uncertainty management that can be applied.
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Location
Level Nature
Statistical
Uncertainty
Scenario
Uncertainty
Recognised
Ignorance
Epistemic
Uncertainty
Variability
Uncertainty
Context
Natural, 
technological, 
economic, social 
and political 
representation
Model
Model structure
Technical model
Inputs
Driving forces
System data
Parameters
Model outcomes
Table TD3.3 Uncertainty matrix (Walker etal., 2003 p15)
Another method for assessing uncertainty in environmental models is the NUSAP method 
of assessment (Leinfellner, 1990). This method is also described in TD6. NUSAP stands 
for the five qualifiers of quantities used in complex environmental problems:
1. numeral;
2. unit - traditional sense or additional information such as the date of
measurement,
3. spread - generalises from tandem error so +/- a range for example,
4. assessment - qualitative estimate of information, and
5. pedigree - a qualitative assessment of underpinning science of a value-based
on assessment matrix.
The emphasis of the process is to incorporate a measure of certainty in the model 
parameters and assumptions used; an important aspect when interpreting the output of an 
environmental model.
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TD3.10 Summary
This Technical Digest has presented a number of theories on expertise and the 
development from novice to expert. The value of experience has been highlighted by 
Klein (1999), Shanteau (1992) and Erricson etal. (2007) as being essential to develop the 
skills associated with experts. The benefits of expertise are most demonstrable in 
contexts that require judgement and dealing with uncertainty (Randel et al., 1996). 
Contaminated land assessment may be considered a context that requires judgement, 
and as such expertise will be advantageous. The models of expertise do not explicitly 
address how experts continue to integrate new knowledge with the intuitive approach and 
experience-based decision making. One of the features of expertise that is identified is an 
awareness of own limitations. This and the ability to adapt experience-based decision 
making to novel situations would suggest that the use of intuition and experience-based 
decision making is not necessarily at the expense of progression.
A number of decision theories and models have been presented that address natural 
decision environments where the decision maker must deal with complex and uncertain 
information. On the basis that contaminated land assessment is such a decision context, 
some of the models that could be used are summarised in Table TD3.4 below.
Decision Model Features Reference
f-~3
0) Lens Model Weighted combination of available cues Brunswick, 1952
2
Recognised Primed 
Decision making
(Recognition model)
All information used to match to previous, 
similar experiences. Klein, 1993
LJ
z
Story Model
(Narrative model)
All information used to construct 
believable story of cause and effect (past 
events)
Pennington and 
Hastie, 1993
Fast and Frugal Heuristics Limited cues with only the most significant used -  satisficing approach
Gigerenzer and 
Goldstein, 1996
Table TD3.4 Decision theory summary table
Decision Support Systems (DSS) and Expert Systems (ES) have been discussed. The 
key distinction is that a DSS offers one or more decision making models that a user can 
apply to their data and use to generate a decision outcome / recommendation. The ES 
however looks to replicate the decision process of the user and includes both decision 
making models and the factual knowledge that the user has. The embeding of the 
inferred relationships and knowledge of an ES can lead to mistrust from expert users, and 
although beneficial in the learning process for novices, has been shown to remove the
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satisfaction for the user (Klein and Jaing, 1999). The human / computer interface where 
DSS are used requires careful consideration.
Specific DSS that have been applied to contaminated land context are in the form of Multi- 
Criteria Decision Analysis (MCDA) tools that can be applied to choice situations as they 
are focussed on comparing alternate scenarios. In the assessment of contaminated land 
risk there is not such a decision to be made, as a single assessment is made on a site 
based on the information available for that site. However in the selection of remediation 
techniques, or contamination management options the MCDA approach can be applied.
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TD4.1 Introduction
This Technical Digest, TD4, is concerned with priority contaminants for previously 
developed land. The information contained in this digest is a summary of a complex 
subject and refers to a number of reports and papers that contain more detail on the fate 
and transport of contamination. TD4.2 outlines the priority contaminants identified in 
technical guidance, with additional information on the heavy metal and hydrocarbon 
groups of contaminants and their toxicology. An indication of the contaminative land uses 
in the UK is also included in TD4.2. TD4.3 includes a discussion of the main influences 
on the fate and transport of contaminants in the soil.
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TD4.2 Priority Contaminants and Land Uses
Previous UK guidance on the assessment of contaminated land produced by the 
Environment Agency (EA) and Department for Environment, Food and Rural Affairs 
(Defra) included a series of contaminated land reports (CLR). CLR 8 (Defra, 2002) was 
dedicated to identifying the key contaminants that form the focus of further guidance on 
acceptable contamination levels. Since August 2008 these reports have been withdrawn 
and are in the process of being replaced (EA, 2009m). However, the relative importance 
of priority contaminants remains a relevant issue for this digest. The key contaminants in 
GLR 8 were selected based on two criteria; the effect on human health and the likelihood 
of occurrence in the UK. The priority contaminants listed were (Defra, 2002):
Inorganic:
- Metals: barium, beryllium, cadmium, chromium, copper, lead, mercury, 
nickel, vanadium and zinc.
Semi-metals and non-metals: arsenic, boron, selenium and sulphur.
- Inorganic chemicals: cyanide (complex and free), nitrate, sulphate and 
sulphide.
Other: Asbestos and pH.
Organic:
Acetone, oil/fuel hydrocarbons.
Aromatic Hydrocarbons: benzene, chlorophenols, ethylbenzene, phenol, 
toluene, o-xylene, m,p-xylene, polycyclic aromatic hydrocarbons.
Chlorinated Aliphatic Hydrocarbons: chloroform, carbon tetrachloride, vinyl 
chloride, 1,2-dichloroethane, 1,1,-trichloroethane, trichloroethane, 
tetrachloroethane, hexachlorobutane-1,3-diene, diedrin.
- Chlorinated Aromatic Hydrocarbons: chlorobenzenes, chlorotoluenes, 
pentachlorophenol, polychlorinated biohenyls (PCB), dioxins and furans.
Recent statistics published by the EA show that by far the most common contaminants 
are metals and metalloids (669 sites), followed by inorganic compounds (454 sites) and 
organic compounds (160 sites) based on data for the sites identified by local authorities as 
being contaminated under Part IIA (EA, 2007). It is clear that metal contamination is a 
current and important problem for contaminated land management.
TD4.2.1 Heavy Metals
The term ‘heavy metals’ is not well defined but is commonly used. Duffus (2002) 
reviewed the many definitions of the term, and concludes that there is little defendable 
scitentific basis in any of the offerings. He proposes that the terms should be defined from 
the on the periodic table or a sub-group of it. Accepting that the term is not well defined 
but is commonly used in contamianted land assessment a more general definition is
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selected here; “a group of metals and metalloids which are associated with pollution and 
toxicity, but also includes some elements which are essential for living organisms at low 
concentrations. ” (Alloway, 1990). Heavy metals include; antimony, arsenic, cadmium, 
copper, chromium, cobalt, gold, lead, mercury, manganese, molybdenum, nickel, 
selenium, silver, thallium, uranium, vanadium and zinc (Alloway, 1990).
TD4.2.2 Petroleum Hydrocarbons
Another group of common contaminants are petroleum hydrocarbons. The separate 
fractions of hydrocarbons and hydrocarbon groups are defined by their Equivalent Carbon 
(EC) number. The EC number is defined by the number of carbon atoms and either 
boiling point or retention time on a non-polar b.p. gas chromatographic column. Total 
Petroleum Hydrocarbons (TPH), Diesel Range Organics (DRO) and Gasoline Range 
Organics (GRO) are often measured as separate groups of hydrocarbons, although the 
exact EC range that applies to each may vary depending on the laboratories definition. In 
the UK the approach to assessing hydrocarbons in the environment involves a combined 
indicator and fraction approach, where the most toxic fraction is assessed as the indicator 
contaminant and the fractions are compared against acceptable limits to provide an 
overview of the contamination levels on the site. More detailed assessment of individual 
fractions may then follow (EA, 2005). Some example hydrocarbon structures are shown 
in Figure TD4.1 below.
Arenes / aromatics / polyaromatic hydrocarbons
H H
■ I
'C
H -  C ^  X C ^  C —  H
H —  C C —  H
Aromatic: benzo[a]pyrene C20H12
Aromatic: benzene C6H6Aliphatics/ Alkanes
Figure TD4.1 Example hydrocarbon structures (based on Nathanail, Bardos, and
Nathanail, 2002 p9-10, 9-11)
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TD4.2.3 Toxicity of Common Priority Contaminants
The following table summarises the toxicity characteristics of specific priority 
contaminants. Those with toxicological reports (TOX), soil guideline values (SGV) and 
environmental quality standards (EQS) for the water environment available are noted as 
an indicator of priority contaminants in the UK.
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Engineering Doctorate: Regenerating the Brownfields 
TD4: Contaminant Behaviour
TD4.2.4 Contaminative Land Uses
The land uses most likely to be associated with their presence, as identified in CLR 8 
(Defra, 2002) are attached to this Technical Digest (Attachment TD4.1). The Department 
for the Environment (DoE) have produced a series of reports for priority industries. The 
attached tables have been taken from CLR 8 and provide a list of priority land uses along 
with the potentially associated contaminants. The following general land uses categories 
have DoE Industry Profiles:
Airports.
- Animal and animal processing works.
- Asbestos manufacturing works.
- Ceramics, cement and asphalt manufacturing works.
- Chemical works.
Dockyards and dockland.
- Engineering works.
Gasworks.
Metal manufacturing, refining and finishing works.
Miscellaneous (includes charcoal works, dry cleaners and glass manufacturing 
works).
Oil refineries and bulk storage of crude oil and petroleum products.
- Power stations (excluding nuclear).
Pulp and paper manufacturing works.
Railway land.
Road vehicle fuelling, service and repair.
Sewage works and sewage farms.
Textile works and dye works.
- Timber.
Waste recycling, treatment and disposal sites.
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TD4.3 Fate and Transport
An understanding of the way in which contaminants behave in the soil environment is 
necessary for contaminated land assessment, specifically in determining the extent of 
contamination across a site. The fate and transport of contaminants in the subsurface is 
dependent on a number of factors; chemical, physical and biological as well as the 
specific characteristics of the sub-surface environment (geology and hydrogeology). Soil 
can be described in as a structural heterogeneous mix of organic and mineral components 
that form a matrix separated by voids filled with water or air; the upper layers of soil are 
home to living organisms and roots from plants (Alloway, 1990).
Metal and metalloid contamination has been identified above as the most significant type 
of contamination in the UK, and is the focus of the discussions of fate and transport. The 
measurement of soil properties is important in assessing the mobility of contamination; the 
key soil properties of concern are (Alloway, 1990 p7-27);
- pH: soil pH is affected by the redox conditions of the ground; reducing 
conditions general cause more alkaline pH and oxidisation cause more acidic 
conditions. In general UK soils have pH range of 4-8.
Soil Organic Matter (SOM): All soils contain some organic matter although the 
amount and type will vary. SOM content for arable soils in SE England may be 
<2%, cultivated soils <10% and mineral soils may be 3-5% in general.
Clay minerals: these are partials less than 2 /am in size, are generated by the 
weathering of rock and will influence the chemical and physical behaviour of the 
soil. Clay soils generally contain organic matter and hydrous oxide 
precipitates that are key to controlling the concentrations of ions in the soil 
solution (and thus the mobility of contaminants). The physio-chemical 
properties (including cation exchange capacity and specific surface area) that 
affect the adsorption of contamination are influenced by the specific mineralogy 
of the clay (Yong et al., 1997). Clay materials are used as liners for waste 
disposal facilities due to their low hydraulic conductivity and high adsorption 
factors (Cl RlA, 1996).
- Oxidation and reduction (redox): Redox potential is difficult to achieve 
accurate results for. It is possible to identify oxidising or reducing conditions 
that may also be marked by colour of the soil; red/brown is usually oxidising and 
blue-green / grey are usually reducing conditions. Although the colour may be 
masked by the natural colour of the material. The combination of pH and redox 
conditions will influence the reaction speed of metals in the soil. Metals may be 
indirectly affected by redox conditions, for example when sulphates reduce to 
sulphides, metal sulphides may precipitate.
In general when any contaminant is introduced to the environment molecular diffusion will 
occur to redistribute the contaminant, driven by the concentration gradient. Once within 
the soil matrix a dynamic equilibrium will be reached between the different phases (solid,
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liquid, gas) that the contaminant can exist in. The movement of contaminants from liquid 
to solid phases is adsorption, and from solid to liquid phase is desorption. The attraction 
that drives the interaction between liquid and solid phases may be physical (for non-ionic 
compounds such as hydrocarbons) or chemical (for example for ionic compounds such as 
metals and metalloids). The volatilisation of contaminants from the liquid to gaseous 
phase will be dependent on Fick’s First law of diffusion that relates the rate of diffusion to 
the concentration of the contaminant in each phase and its diffusion coefficient. This will 
be affected by soil moisture content, grain size, and temperature. (Hines and Failey, 1997)
Adsorption will influence the behaviour and bio-availability of contaminants in the soil. For 
metal contamination the adsorption from the liquid to the solid phase is key. There are 
several mechanisms that will influence this process; cation exchange (for most heavy 
metals, except metalloids such as As, Sb and Se and metals Mo and V), specific 
adsorption (highly pH dependant and related to hydrolysis of metal ions), organic 
complexation and co-precipitation (Alloway, 1990 p7-27). Under certain soil conditions 
the adsorption of contaminants will be increased and so decreasing the movement of the 
contaminant through the soil. For many contaminants an increased clay and organic 
content in the soil will increase adsorption. In addition, the pH levels of the ground will 
affect the solubility of metal contamination. In general heavy metals are most mobile 
under acidic conditions and can be stabilised using lime (Alloway, 1990). However not all 
contaminants or even forms of a contaminant are affected in the same way. For example, 
the solubility of trivalent chromium increases in acidic conditions/whereas hexovalent 
chromium has increased solubility in both acidic and alkaline conditions (DoE, 1996).
For hydrocarbons spills the contaminants will flow through the voids in the soil under 
gravity until they reach groundwater. The less dense hydrocarbons will float on the water 
surface and tend to follow the groundwater flow. The more dense hydrocarbons will tend 
to sink through the groundwater until they reach an impervious layer; the direction of 
movement of these contaminants is less affected by groundwater flow. The soluble 
hydrocarbon contaminants will flow with the groundwater. The level of solubility may be 
low, however the toxicity of these contaminants is high and so only a small concentration 
is required for unacceptable contamination of the groundwater. An added complication 
comes with volatile contaminants that can cause a build up of vapours in the pores of the 
soil. The multi-phase nature of ground contamination adds a layer of complexity to 
predicting the distribution across a site. (DoE, 1995).
With regard to the persistence of contaminants, metal contamination is generally not bio­
degradable and in addition heavy metals can inhibit micro-organisms, decreasing the bio- 
degradation of other contaminants in the ground. The process of bio-degradation itself is 
complex and can be significantly affected by: moisture content, oxygen content and pH. 
(DoE, 1996).
In addition to the above a number of other factors can be taken into account when 
considering the extent and significance of contamination across a site. Bio-availability is 
defined as “The degree to which a contaminant in environmental media can be 
assimilated by an organism" (Sheppard et at, 2003). This property affects the potential 
for the contaminant to cause harm to living organisms, and thus the concentration at 
which the contamination should be considered unacceptable.
T D 4 - 15
Engineering Doctorate: Regenerating the Brownfields
TD4: Contaminant Behaviour
It is clear that the behaviour of contamination in the ground is complex, yet the extent of 
contamination across a site must be assessed for remediation design. For this reason the 
mobility and persistence of contaminants have been emphasised as key parameters 
directly related to where the contamination is and for how long it will be a problem. The 
following table summarises the mobility and persistence of contaminants.
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TD4.4 Summary
An understanding of the fate and transport of contaminants in the soil and groundwater 
environments is key to being able to assess the extent and severity of contamination on a 
site. Several priority contaminants have been identified as common and persistent in the 
environment. Recent statistics published by the EA show that by far the most common 
contaminants are metals and metalloids, followed by inorganic compounds and organic 
compounds, based on data for the sites identified by local authorities as being 
contaminated (EA, 2007). It is clear that metal contamination is a current and important 
problem for contaminated land development.
In addition to the contaminant properties, the ground conditions will influence the ability of 
the contaminants to move through the soil and spread across a site. The factors that 
influence mobility of contamination will vary depending on the contaminant of concern, 
and the extent of influence will also vary (e.g. the mobility of hydrocarbon contamination is 
influenced more by the physical properties of the contaminant than the soil). The main 
soil properties of concern include clay and organic content and pH of the soil. For many 
contaminants an increased clay and organic content in the soil will increase adsorption of 
the contaminant to the soil particles reducing mobility, the pH levels of the ground, will 
affect the solubility of metal contamination. Heavy metals are most mobile under acidic 
conditions and can be stabilised using lime (Alloway, 1990 p7-27). However not all 
contaminants or even forms of a contaminant are affected in the same way. For example, 
solubility of trivalent chromium increases in acidic conditions, whereas hexovalent 
chromium has increased solubility in both acidic and alkaline conditions (DoE, 1996). For 
hydrocarbons the transport of contamination is related to the voids in the soil and the 
presence of groundwater. Hydrocarbon spills will flow through the voids in the soil under 
gravity until they reach groundwater. The less dense hydrocarbons will float on the water 
surface and tend to follow the groundwater flow. The more dense hydrocarbons will tend 
to sink through the groundwater until they reach an impervious layer; the direction of 
movement of these contaminants is less affected by groundwater flow. As hydrocarbons 
highly toxic, low concentrations in groundwater may be unacceptable. An added 
complication comes with volatile contaminants that can cause a build up of vapours in the 
pores of the soil. The multi-phase nature of ground contamination adds a layer of 
complexity to predicting the distribution across a site. (DoE, 1995)
It is clear that the behaviour of contamination in the ground is complex, yet the extent of 
contamination across a site must be assessed for remediation design. Soil conditions 
often affect the fate of heavy metals, whereas hydrocarbons are often more generally 
affected by their own physical properties and movement of groundwater. For this reason 
the mobility and persistence of contaminants have been emphasised as key parameters 
directly related to where the contamination is and for how long it will be a problem.
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ATTACHMENT TD4.1
CLR8 Extracts: Priority Land Uses
Department for Environment, Food and Rural Affairs 
and The Environment Agency
POTENTIAL CONTAMINANTS FOR THE 
ASSESSMENT OF LAND
Priority contaminants for the assessment of land
Table 2.1 Potential inorganic contaminants for the assessment of industrial land and their receptors
Contaminantsa,b
Receptors
Humans Water Vegetation and the ecosystem
Construction
materials
Metals
Barium /
Beryllium / ✓ /
Cadmium / / ✓
Chromium ✓ ✓
Copper ✓ ✓
Lead ✓ ✓ /
Mercury ✓ ✓
Nickel ✓ / /
Vanadium ✓ ✓
Zinc V /
Semi-metals and non-metals
Arsenic / /
Boron / /
Selenium / V ✓
Sulphur / / ✓
Inorganic chemicals
Cyanide (complex) ✓ ✓ / /
Cyanide (free)® / / /
Nitrate /
Sulphate ✓ / /
Sulphide / ✓ /
Other
Asbestos ✓
pH (acidity/alkalinity) ✓ ✓ ✓ /
Notes
a The list should not be regarded as a comprehensive list that should be taken into account in any particular site investigation. 
Some contaminants will be of no importance on certain types of site, while some sites may be contaminated by elevated 
concentrations of particular substances, which may not be selected because of their infrequent occurrence generally.
b For references to synonyms of substances refer to Appendix C.
c Free cyanide is broadly equivalent to "easily liberatable cyanide", which covers compounds that can release hydrogen cyanide 
at pH 4 and 100°C (see paragraph B.15 in Appendix B).
R&D PUBLICATION CLR 8 6
Priority contaminants for the assessment of land
Table 2.2 Potential organic contaminants for the assessment of industrial land and their receptors
Contaminantsa,b
Receptors
Humans Water Vegetation and the ecosystem
Construction
materials
Acetone Z ✓
Oil/fuel hydrocarbons Z ✓ Z
Aromatic Hydrocarbons
Benzene Z Z ✓ r
Chlorophenols Z ✓ Z Z6
Ethylbenzene Z Z / z 6
Phenol ✓ ✓ V ✓u
Toluene Z ✓ ✓ / v
o-Xylene ✓ ✓ / Z6
m,p-Xylene Z Z / Z6
Polycyclic Aromatic Hydrocarbons Z Z
Chlorinated Aliphatic Hydrocarbons'1
Chloroform ✓ ✓ ✓
Carbon tetrachloride ✓ ✓ ✓ Z6
Vinyl chloride ✓ ✓
1,2-Dichloroethane Z Z / z 6
1,1,1-Trichloroethane Z Z / z 6
Trichloroethene Z Z ✓ Z6
Tetrachloroethene ✓ ✓ ✓ z*
Hexachlorobuta-1,3-diene / Z ✓
Hexachlorocyclohexanes Z / ✓
Dieldrin Z / /
Chlorinated Aromatic Hydrocarbons
Chlorobenzenes / / ✓
Chlorotoluenes Z / ✓
Pentachlorophenol Z ✓ /
Polychlorinated biphenyls6 Z / V
Dioxins and furans* ✓ Z S
Organometallics
Organolead compounds Z ✓
Organotin compounds Z ✓
Notes
“The list should not be regarded as a comprehensive list that should be taken into account in any particular site investigation. 
Some contaminants will be of no importance on certain types of site, while some sites may be contaminated by elevated 
concentrations of particular substances, which may not be selected because of their infrequent occurrence generally.
b For references to synonyms of substances refer to Appendix C.
cThe impact of chlorinated hydrocarbons and other organic substances is probably limited to concentrations in the free phase.
d Some chlorinated aliphatic hydrocarbons are considered to be of secondary importance (see paragraphs B.16 and B.17 in 
Appendix B) and are therefore excluded because they are less toxic, highly volatile or have limited industrial use. However, 
some highly volatile substances may be significant due to their solubility and are not excluded on grounds of volatility alone.
* There are 209 polychlorinated biphenyl (PCB) congeners, the significance of which can be expressed using toxic equivalency 
factors (TEFs) relative to the best-characterised member of the group.
f There are 210 possible isomers of chlorinated dioxins and furans, of which the most studied and most toxic representative of 
the group is 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). Other dioxins and furans could be expressed in terms of TEFs 
relative to 2,3,7,8-TCDD.
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TD5.1 Introduction
This Technical Digest, TD5, is concerned with the methods of interpolation used in the 
estimation of contaminated volumes of soil for remediation design. There are a number of 
issues that can be addressed to improve the assessment of material volumes, from the 
initial gathering of site data through to the selection of remediation technologies. Some of 
the key issues are associated with:
- Site investigation: sampling strategies -  frequency and location of sampling 
within budgetary constraints.
- Data analysis: method of interpolation of results to estimate the contamination 
of areas not sampled, and calculation of associated uncertainties. This includes 
the appropriate selection of methods of interpolation between sample points 
given the physiochemical properties of the contaminant under consideration.
- Remediation strategy: selection of appropriate remediation strategies to deal 
with the contamination, including contingencies for undiscovered contamination.
TD5.2 includes a brief discussion of the assessment of site investigation data and 
comparison of contaminant concentrations to guidance values. TD5.3 is concerned with 
spatial interpolation methods used to estimate volumes of contaminated material on a site. 
TD7 is concerned with remediation technologies and strategy design.
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TD5.2 Site Investigation Design
The issue with site investigation is that a limited amount of material is tested and used to 
characterise a site. Parsons and Frost (2002) were concerned more with geotechnical 
parameters rather than contamination, however the principle remains; data used to 
assess the properties for the ground “represent 1/100,000 or less of the total volume of 
the soil' (Parsons and Frost, 2002) and consequently significant uncertainty exists as to 
the actual properties of the remaining soil volumes. There is a clear issue with inferring 
data from small data points and applying it across large volumes of material; however, this 
is currently the best available method for establishing the contamination levels across a 
site. The sample frequency used in site investigations will vary depending on the stage of 
development and level of risk from contamination.
A sampling strategy will be produced for a site investigation and should outline the 
purpose of the investigations and the locations of the proposed sampling. It is common 
for more samples to be taken than tested and justifications for additional sampling and the 
selection of tested material should be clear. Three approaches to selecting sample 
locations are targeted, non-targeted and a combination approach. (Nathanail et a/., 2002)
1. Targeted sampling uses professional judgement to select locations, and must 
be based on sufficient information to identify areas of possible contamination.
2. Non-targeted sampling using predefined pattern for sample points, independent
of any other information known about the site. Pattern types include; simple
random, stratified, square grid or herringbone. The results of a non-targeted 
approach may be used to eliminate the possibility of hotspots of a given size, 
collect sufficient data to apply statistical analysis to characterise a material type 
(e.g. calculating US95 concentration (MDEQ, 2002) or mean concentration for 
example) or to collate data for the use with geospatial statistical interpolation 
methods (see section TD5.3 below).
As noted for non-targeted sampling strategy, one aim of the strategy may be to identify 
the location of a hotspot on a site. Guidance suggests that four criteria should be met for 
an optimal sampling plan (DoE, 1994):
- stratified (i.e. sample area broken down into regular sub-areas), 
each sub-areas should contain one sample point,
- it should be systematic, and
- sampling points should not be aligned.
Based on these four criteria and the need to identify elongated hotspots on a site the 
herringbone pattern is recommended as the most appropriate (DoE, 1994) (as listed in the 
non-targeted approach above).
Sampling frequencies should be sufficient to address the objectives of the site 
investigations and typical frequencies are recommended by British Standards Institute
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(BSI)-(BSI, 2001) and CLR 4 (DoE, 1994) specifically for the identification of hotspots. 
Singer (1972) (referred to in Okx and Stein, 2000) offers a method for assessing the 
probability of finding an elliptical area (geological deposit) by sampling on a square, 
rectangular or triangular grid. The probability of successfully finding a hotspot (P) is 
related to the risk from not finding the hotspot ((3 =  1-P), and the ratio of the size of the 
hotspot of concern to the size of the grid used for sampling. A similar statistical approach 
has been used in CLR 4 guidance for selecting a sampling grid size and number of 
samples (DoE, 1994). Here the number of samples required, N, to give 95% certainty of 
hitting a hotspot can be calculated using the following equation:
kA
N  = —  Equation TD5.1 (DoE, 1994)
a
Where:
N = Number of sampling points 
A = total site area of interest 
a = the hotspot area expected 
k = a shape constant for the hotspot 
k = 1.08 circular 
k= 1.25 plume
k = 1.8 elliptical (4:1 aspect ratio and orientated parallel or perpendicular to the 
grid)
k = 1.5 where hotspot shape is unknown
This can then be used to determine the spacing of sample points across a site, where the 
grid spacing:
Equation TD5.2 (DoE, 1994)
It is noted in the guidance that the number of samples may be reduced for initial sampling 
phases and increased when more is known about the site.
Sample depths should reflect both the potential source of contamination and the 
receptors. For example, for residential land use, where near surface contamination may 
be of concern for direct contact or plant uptake, sampling in the upper 0.5 m of material 
will be required, whereas for gas and groundwater related concerns much deeper 
samples would be required (EA, 2000).
To support the quantification of uncertainty associated with sampling and analytical 
processes Ramsey (1998) suggests taking a subset of samples in duplicate both for 
analysis, and presents a method for calculating the proportion of variance that can be
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attributed to sampling and analysis. Demougeot-Renard et al. (2004) note that a second 
phase of soil sampling is often required reducing the uncertainty of contaminated land 
assessment. However, this second phase rarely focuses on the needs of geospatial 
statistical interpolation methods, even when the data is intended for this use. The EA 
Guidance, however, suggests that professional judgment should play a role in selecting 
the location of a second phase of sampling and that this should not solely rely on 
statistical analysis (EA, 2000). Demougeot-Renard et al. (2004) also note that for 
pollutant distributions that lack structure, additional sampling doesn’t reduce the 
uncertainty.
In a review of the developments of contaminated land assessment and the experiences of 
investigations from 1975 to 2005, Smith (2005) notes that the there has been much 
emphasis on the use of site investigations as a tool for risk assessment, but that the 
information is also used on the design of remedial measures and the disposal or reuse of 
waste soils. Amongst the changes observed over the review period the following are 
noted:
a wider range of intrusive sampling methods are employed in site investigations, 
the statistics of sampling has been developed theoretically and practically,
- the accessibility to more reliable analytical tests for contamination has improved 
and the cost has reduced by 10% in real terms,
there has been the publication of over 50 British Standards available relating to 
site investigation, sampling and testing of contaminants.
There are two aspects to sampling methods; the theoretical aspect that is concerned with 
the sampling strategy (frequency, location etc.) and the practical aspect concerned with 
sampling methods and handling. Smith (2005) proposes that although site investigations 
are ‘reasonable’ there has not been much improvement in 30 years. Considering the 
theoretical aspect, some of the common deficiencies noted were:
insufficient use of commercially available site information (desk study) and site 
visits,
- omission of groundwater assessment on some sites, 
lack of understanding of sampling statistics,
- insufficient sampling taken on site and subsequent analysis of samples.
Smith (2005) suggests that the reasons for poor SI design are that practitioners either 
know what to do but don’t have the resources to carry it out, choose to reduce the scope 
of Si’s to save costs, or simply don’t know what should be done. The author also notes 
that there is a wide scope of guidance available, however this may not be read or 
understood correctly. The need for adequate training and resources for site investigations 
and contaminated land assessment in general is concluded from the review. The role of 
expertise in contaminated land assessment is discussed in more detail in TD3.
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There are decisions to be made in the early stages of contaminated land assessment to 
select the right amount of investigation and sampling to be carried out. A balance should 
be struck between the cost of the investigations and the benefits in terms of certainty of 
the risk assessment. One method proposed for assessing the value of site investigations 
is statistical decision trees (Okx and Stein, 2000). The advantage of the approach is that 
it allows the integration of existing knowledge into the decision process, however there is 
a need for detailed quantitative assessment of conditional probabilities that may not be 
possible to estimate with certainty from past experiences. One key conclusion from the 
study of decision tress was that the application of a low-cost limited site investigation 
strategy does not always lead to the optimal result as a lack of information impacts on 
later decisions. In tender designs the information may be even more limited than final 
designs but the need to estimate volumes remains. In cases where there is such a high 
level of uncertainty there is a clear need for transparent and logical methods to ensure 
that the design is defendable and to allow risk -based costing. This is even more true in 
contamination testing as ‘hot spots’ of certain contaminants that can occur in relation to 
events in the past that may or may not be documented, and are easily missed in site 
investigations (Nathanail etal., 2002). It is proposed by Parsons and Frost (2002), that an 
assessment of the uncertainty and quality of the site investigation plan be used as 
additional information to aid design decision-making.
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TD5.3 Spatial Interpolation Methods (SIMs)
Spatial Interpolation Methods (SIM) “are procedures for estimating the value of 
characteristics at unsampled locations within an area where observations exist.” 
(Ozdamar et al., 1999). The rational behind SIMs is that points closer together in space 
are more likely to be similar than those that are far apart. They are generally used for 
producing contours to display data graphically. The use of 3-D spatial representations of 
sub-surface features; geological deposits, hydrogeological features or contamination 
distributions for example, can be a useful tool in communicating complex data to 
regulators or non-technical stakeholders (Brucner et al., 2001).
The spatial distribution of contamination can be represented as absolute values, a ratio of 
the concentration to a site specific contaminant threshold, or a probability that the 
concentration will exceed the threshold value. The information presented can be used to 
estimate the extent of contamination across a site and design a remediation strategy or 
locate areas where additional information is required for the assessment. A common tool 
for managing spatial data is a Geographical Information System (GIS). GIS may use both 
stochastic and deterministic interpolation methods as part of the data processing.
One issue that overarches all interpolation methods is that of the boundary conditions. 
The contouring and interpretation of contamination levels is limited by the extent of the 
available data. The site investigations carried out on are more often then not limited by 
the site boundary. This data limitation is a common challenge for all volume estimation 
techniques.
TD5.3.1 Geographic Information System (GIS)
GIS offers a tool for displaying and analysing spatial relationships between data points. 
The data is displayed in layers, each with the capability to show features of the data set. 
These features have spatial co-ordinates and can be objects (with a specified shape or 
size, e.g. city) or surfaces (no particular shape but have a measurable value e.g. terrain 
with varying levels above sea level). Raster is a type of surface and is made up of blocks 
of a uniform size, each with an estimated value for that location. The features 
represented on a layer link to attribute tables that can contain a plethora of information 
about that given object. Figure TD5.1 below offers a simplified illustration of this 
interaction.
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ATTRIBUTE
TABLE
Information 
relating to 
the features 
displayed
FEATURES:
OBJECT
LAYER
Figure TD5.1 Simplification of GIS terminology
With respect to contaminated land and the type of information that needs to be displayed, 
a GIS can prove useful when multiple attributes need to be connected to a given object. 
For example, soil test results from a number of samples (attributes to be assigned) that 
have originated from a single borehole (object displayed). This data can then be 
manipulated and various displays produced. Figure TD5.2 below is a typical display of 
multiple contaminant measurements (absolute values) in using a commercial programme 
ArcGIS. The data has been selected from an arbitrary site with contamination. The 
contamination test data has been taken at a variety of depths in boreholes and trial pits 
across the site. The information has been set up so that each contaminant is displayed 
on a separate layer and can as such, be dealt with independently or in combination as 
required.
All conta minatio n_:
W n
-  0  contamination_soil Event: a  
PAH_TOT 
♦ 0.00-162.20 
+  162.21 -707.90 
0  707.91 - 1546.70 
0  1546.71 -3395.57
3395.58 - 5778.50 
S  0  contamination_soil Event: 
PHENOL 
♦  0.00 
+  0.01-2.06 
0  2.07-9.99
^  10.00-18.88 
^ ^ 1 8 .8 9  - 29.52
S  0  contamination_soil Event: 
LEAD 
o 6.19 - 367.13 
O  367.14- 1212.24 
O  1212.25 - 3308.2S 
Q  3308.26 - 6679.36
-  0  contamination_soil Event: 
COPPER 
♦ 3.32 - 75.09 v— 1— 1 ■
Figure TD5.2 Absolute values for multiple contaminants as displayed in ArcGIS
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Deterministic or stochastic spatial interpolation methods can then be applied to the above 
data plots to generate a surface illustrating the distribution of contamination across a site. 
The interpolation methods available are discussed in the following sections.
TD5.3.2 Deterministic Interpolation Methods
A number of deterministic approaches can be used to generate a surface plot -based on 
point values. Some deterministic approaches are described below.
Delaunay triangles. A Delaunay triangulation is where groups of three points of 
data are joined to form a triangle. The points of each triangle fall on the 
circumference of a circle (a circumcircle) and, for Dalaunay triangles, that circle 
does not contain any other sample points from the data set. Connecting the 
centres of the circumcircles defines a Voronoi diagram. Using the Delaunay 
triangles for interpolation assumes a linear relationship of observed value with 
distance (e.g. contaminant concentrations) along the connecting lines.
Inverse distance. Based on the assumption that the value at an un-sampled 
point will be inversely proportional to the distance it is located from sampled 
points. So within a given search area a maximum number sampled points will 
be weighted using the inverse of the square of its distance from the point of 
interest, and then summed to give a predicted value. In the case of 
contaminated land this will be the concentration of a contaminant. This method 
does not deal with small scale variations well, and also does not account for 
cases where there is a lack of spatial dependency. (Nathanail, 1997).
A weighted average interpolator.
- Modified Shepherd’s Method: weighted least squares method.
Moving average.
These methods can be used with small data sets. Nathanail (1997) proposes
deterministic methods such as triangulation and inverse distance methods limit the 
assessor’s ability to include a wider understanding of the spatial dependency of the 
variable of concern (contamination concentrations for example).
TD5.3.3 Geospatial Statistics
Hellawell et al. (2001) have completed some research in this area, concerned specifically 
with the use of Geographical Information System (GIS) raster techniques in assessing 
contaminated soil volumes. This research looked at a variety of spatial analysis 
techniques in order to estimate the volume of contaminated material to be excavated. 
The recommendations of the authors were that the GIS raster technique be developed to 
aid decision making in not only the volume of material to excavate, but also in the 
application of process -based remediation. The general geostatistical interpolation 
method used is Kriging, described below.
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Kriging
Kriging is a method of interpolation, originally introduced by Krige (1951) and, in one form 
or another, has been accepted for some time as being applicable for ground 
contamination. (Juang et al., 2004, Cattle et al., 2002, Liu et al., 2006). Kriging is the 
generic name given to a geostatistica! method used to interpolate between correlated 
spatial data and is based on a series of generalized least squares regression algorithms 
(Goovaerts, 1999). The process essentially predicts data values across an area of interest 
to best fit a derived model of the distribution of the variable.
Geostatistics is based on the fundamental assumption that data points that are 
geographically closer are more similar than data points that are geographically far apart. 
The method was formalised by Matheron through the Theory of Regionalised Random 
Variables (Matheron, 1971). The application of this method was initially developed through 
use in the mining industry (Matheron and Kleingeld, 1987), but has since been developed 
further and used for other applications including contaminated land assessment (Juang et 
al., 2004, Cattle etal., 2002, Goovaerts, 1999, and von Steiger et al., 1996).
Geostatistics consists of two key elements, firstly the ‘experimental variogram’ which 
describes the relationship between the variable and its proximity to known neighbours 
derived from experimental data (in the case of contaminated land sample data). This is 
used to derive a “semi-variogram” for the site (described below). Secondly, Kriging uses 
this semi-variogram to predict the spatial distribution of the given variable across the area 
of interest. (Nicolls and O’Brian, 1998)
Figure TD5.3 below summarises the key features of the semi-variogram (Fleming, 1994)
Cov(h’) is the covariance between two points a 
distance h’ apart.
Cov(h’) ■<
No measurable 
correlation between 
sample values.
Correlation between 
sample values.
Sill
Nugget
>  h
h<a h>a
Figure TD5.3 Graphical representation of semi-variogram (based on Fleming, 1994)
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The semi-variogram as based on the mean variance of the difference between data point 
values a given distance apart. This distance (h) is known as the “lag” and can be 
measured in any direction. For irregular sampling it is unlikely that the pairs of samples 
will have exactly the same lag, for this reason bands of lag can be used (Zhang and 
McGrath, 2004). The direction of the lag may be significant to the relationship between 
data points; such anisotropy can be accounted for (Fleming, 1994)
One issue that can arise for contaminated land assessment is the use of sparse data 
which can make the derivation of an experimental variogram impractical. Webster and 
Oliver (1993) showed that a sample set of at least 150 data points is required to estimate 
the semi-variogram However, smaller data sets can be used for Kriging with the addition 
of expert knowledge or ancillary information (Goovaerts, 1999). Nathanail (1997) 
suggests that it is appropriate to supplement limited data with professional judgement to 
form a variogram and enable the use of spatial statistics with sparse data. Nathanail 
(1997) suggests that the vairogram can be constructed based on four key features;
Sill (shown on Figure TD5.3) is the maximum variance observed, and is the 
variance of the entire data set which can be estimated.
Nugget (shown on Figure TD5.3) is the close range variance of the data set and 
in the case of contaminated land is associated with the variance due to 
analytical and sampling procedures that can be estimated from inter-laboratory 
comparisons, although thought to be small in most cases.
Range (‘a’ on the lag scale of Figure TD5.3) is the distance at which the 
variance reaches the sill, and represents the limit of spatial correlation. In 
entirely random sample distributions where no spatial correlation exists the 
range will be approximately zero.
- The variogram type (the shape of the curve) is suggested to be circular for most 
cases. Exponential curves (characterised by a large range) may be associated 
with dispersion models such as contaminants in groundwater.
The experimental semi-variance, y(h) at a given lag, h, is calculated using the following 
formula,
r(h) = Equation TD5.3 (Fleming, 1994)
Where (Fleming, 1994);
f(x) = value at sample point h
f(x+h) = value at some point h distance away
N(h) -  number of pairs of samples found at distance h from each other.
The number ‘2’ exists as a denominator for mathematical convenience only and is the 
reason that the term semi-variance is used (Fleming, 1994). The results of the above
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formula are plotted for a range of lag distances, and then used to derive a semi-variogram 
applicable for the prediction stage (as in Figure TD5.3 above).
In deriving the variogram for contamination distributions, there may be limitations for 
distributions that have localised elevated levels of contaminants, hotspots, and a general 
low level contamination elsewhere. It is possible to overcome this by separating the upper 
concentrations to derive separate variograms for the two distributions (Goovaerts, 1999).
The Kriging estimator value at position, f*(x’), uses the spatial structure of 7 (h) to predict 
the value of the variable at an un-sampled location, x’, using the following equation;
/ - ( . v ’ )  =  2 A / ( . v , )
Equation TD5.4 (Adapted from Juang et al., 2004)
Where (Juang etal., 2004);
A = weight coefficient based on the semi-variogram.
There are a number of ‘types’ of Kriging available for the interpolation of spatial data 
(Goovaerts, 1999):
Simple Kriging: uses equation TD5.4 above, and assumes that there is a 
single mean value? for the observed variable that applies to the whole study 
area.
Ordinary Kriging: as with simple Kriging the basic Kriging equation is used, 
however the mean concentration to describe the distribution varies with the 
prediction area considered (i.e. as the location of the prediction point moves a 
predefined area within which known values are to be used in the prediction also 
moves, and so the mean of the known values will vary).
Kriging with trend model: the mean used to describe the population is varied 
as a function of the location and the prediction area.
The use of spatial statistics to identify areas for further investigation was used for airborne 
cadmium contaminated area of Belgium (van Meirvenne and Goovaerts, 2001). Non- 
stationary simple indicator Kriging was used and incorporated soft indicator coding to 
make allowances for uncertainty in the acceptable limit (the local statutory guidance value 
for cadmium was dependant on soil organic matter and clay content and thus variable). 
The use of spatial statistics was made possible as the contaminant distribution was 
dependant on spatial trends -  as it was airborne the dominant wind direction and distance 
to the source had influence on the expected contamination levels. The approach to 
additional sampling was aimed at minimising the variance within the distribution models. 
This lead to additional samples in areas that may be already densely investigated but 
highly variable, as opposed to sparsely investigated areas that were found to be 
homogeneous. Additional sampling along the boundaries between contaminated and
11n spatial statistics the mean value for a sample set includes a spatial location (co-ordinates) from 
a weighted average of the data used and the mean calculated using standard statistics. (Vasiliev, 
1996)
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uncontaminated areas was also emphasised. However a minimum distance between 
samples must be imposed to prevent clustering and inefficiencies in sample design.
Kriging does offer advantages in that it uses spatial correlations between data points and 
an inclusion of a measure of variance means that standard error maps can be produced 
indicating the confidence in the estimated data (Largueche, 2006). The use of different 
methods of Kriging and adaptations of the variogram (Goovaerts, 1999) offers some 
flexibility when applied in the context of the information known about the contaminant 
being modelled. Nathanail (1997) and Goovaerts (1999) discuss the use of expert 
judgment and additional information to overcome limited data for the construction of a 
semi-variogram, which may allow the use of Kriging despite limited available data. 
However, there are some disadvantages to the method as it uses strong assumptions that 
may not be upheld in nature (Largueche, 2006). Kriging is based on the theory of 
regionalised variables which would require the data to be normally distributed; an 
assumption that may not be valid unless very large scale areas are being assessed 
(Thayer et a/., 2003), logarithmic and disjunctive Kriging methods address this by 
transforming the data to a normal distribution (Largueche, 2006). It also assumes that the 
data has a stationary mean (influence of this is not proven), also that the method is 
complex and can be difficult to understand and implement for practitioners not familiar 
with statistical approaches (Largueche, 2006).
TD5.3.4 Alternate Approach
The use of statistical methods to assess contamination levels across a site has many 
advantages, however the ability to cross check this information with other qualitative data 
about the site is required to avoid erroneous distributions (Nicolls and O’Brian, 1998). It is 
also noted that the spatial structure of contaminant distributions can be weakened by 
human effects and in these cases it is the extrinsic factors that need to be considered in 
predicting its extent (Liu et al., 2006). These extrinsic factors will include the more 
qualitative data such as site history, i.e. using more than just assumed spatial 
relationships between qualitative data points. The combination of qualitative and 
quantitative data is discussed in TD6.
The statistical interpolation of the less mobile contaminants that have lower spatial 
dependencies, such as heavy metals, presents a further challenge. A number of 
assessment methods have added to the ordinary Kriging method to improve the 
estimation of uncertainty and the design of future investigations (e.g. Demougeot-Renard 
et al., 2004 and Glavin and Hooda, 2005).
The aim of site investigation is considered to be to “maximise the percentage of correctly 
recognised contaminated areas with minimum aerial cover" (Ozdamar et a/., 1999) i.e. to 
identify all of the contaminated soil for treatment and not miss classify any clean soil as 
contaminated, thus preventing wasted resources in remediation. Ozdamar et al. (1999) 
present a methodology for assessing contaminated areas using fuzzy uncertainties; Fuzzy 
Aerial Site Assessment Approach (FASA); this process is independent of the assumptions 
of spatial statistics. FASA is also reviewed briefly in TD6. The authors consider some of 
the problems of using SIMs in environmental problems to be:
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SIMs construct surfaces from point observations and are therefore uncertain.
- SIMs use a regular grid to predict data values, although it may be erroneous to 
consider a point value to be representative of an area in heterogeneous 
materials.
- Different algorithms used for interpolation give different contours for the same 
data.
Depending on the algorithm the raw data may not be honoured.
- Localised areas of high concentration are hard to model due to the smoothing 
effect that is used in many methods.
The FASA method proposed is independent of assumptions of spatial statistics, and 
highlights areas where little data is known aiding the design of a second stage of 
sampling. (Ozdamar et a/., 1999). In a comparison of FASA and SIMs, the authors found 
that FASA correctly identified a greater proportion of the contaminated land on 
hypothetical sites used, and was comparable in terms of the amount of uncontaminated 
soil that was miss-classified. These results show that alternatives to spatial statistics can 
be effective at identifying contaminated land.
To deal with imprecise boundaries a fuzzy approach is presented and compared directly 
to indicator Kriging for the case of identifying soil boundaries (Sunila et al., 2004). The 
authors note that the results are comparable although Kriging may provide a more 
accurate boundary between soil types it is also difficult to apply to large areas.
T D 5 - 16
Engineering Doctorate: Regenerating the Brownfields
TD5: Volume Estimation
TD5.4 Summary
Volume estimation for contaminated land assessment is an important issue for cost 
estimations and remediation design. There are decisions to be made in the early stages 
of contaminated land assessment to select the right amount of investigation and sampling 
to be carried out to ensure sufficient data is available to assess the extent of 
contamination on a site. However, a balance should be struck between the cost of the 
investigations and the benefits in terms of certainty of the risk assessment. The sample 
frequency used in site investigations will vary depending on the stage of development and 
level of risk from contamination; a phased approach is recommended. Spatial sampling 
theory shows that an efficient sampling design should be systematic, stratified and 
unaligned. The herringbone pattern meets these criteria and is recommended for 
identifying elongated hot spots (DoE, 1994). The sampling strategy can be targeted to 
provide the appropriate information about specific areas of concern or to fill gaps for areas 
with limited data. When filling data gaps the strategy can be designed to support the use 
of spatial statistics. For this a more random approach is required to avoid data bias.
The use of expert judgement and ancillary information can overcome sparse data sets 
and help with constructing the semi-variogram that forms the basis of geospatial statistics 
(specifically Kriging) (Goovaerts, 1999). Kriging does offer advantages in that it uses 
spatial correlations between data points. An inclusion of a measure of variance means 
that standard error maps can be produced indicating the confidence in the estimated data 
(Largueche, 2006). The use of different methods of Kriging and adaptations of the 
variogram (Goovaerts, 1999) offer some flexibility in the data that can be used to model 
contaminant distributions. Nathanail (1997) and Goovaerts (1999) discuss the use of 
expert judgment and additional information to overcome limited data for the construction 
of a semi-variogram, which may allow the use of Kriging despite limited available data.
There are some disadvantages to spatial statistics. It relies on strong assumptions about 
relationships between data points that may not be upheld in nature (Largueche, 2006). 
Kriging is based on the theory of regionalised variables which would require the data to be 
normally distributed; an assumption that may not be valid unless very large scale areas 
are being assessed (Thayer et al., 2003). Logarithmic and disjunctive Kriging methods 
address this by transforming the data to a normal distribution (Largueche, 2006) but may 
not be appropriate in all cases. Spatial statistics also assume that the data has a 
stationary mean, which may not be true, although the influence of this is not proven. 
Finally the method is complex and can be difficult to understand and implement for 
practitioners not familiar with statistical approaches (Largueche, 2006).
Spatial statistics may have some uses in contaminated land but the limitations need to be 
understood as the methods may not be appropriate for all contaminants and site 
scenarios. The spatial structure of contaminant distributions can be weakened by human 
effects and in these cases it is the extrinsic factors that need to be considered in 
predicting its extent (Liu et al., 2006). Extrinsic factors will include the more qualitative 
data such as site history. Other deterministic approaches used for interpolating spatial 
distributions can be easier to understand and do not always rely on the same spatial 
dependency of Kriging. In addition the use of fuzzy uncertainties to identify areas of
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unknown contamination that can be targeted in further investigations may also be useful 
(Ozdamar et al., 1999).
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TD6.1 Introduction
This Technical Digest, TD6, focuses on the support tools available for contaminated land 
assessment. TD6 is linked to the decision theories and general methods for decision 
support described in TD3, specifically Decision Support Systems (DSS), Expert Systems 
(ES) and methods for dealing with uncertainty. This digest relates specifically to the 
approaches and software packages developed for the assessment and management of 
contaminated land.
Section TD6.2 includes an introduction to the issues associated with combining qualitative 
and quantitative data, as required in contaminated land assessment. TD6.3 includes an 
overview of decision support methods in this context, exploring the general approaches 
available for aiding contaminated land management. The list is not exhaustive but aims to 
capture the key tools available demonstrating the breadth of decision support systems 
available. The process of managing contaminated land itself includes a number of 
stages; initial qualitative assessment, site investigations, quantitative assessment of the 
extent and severity of the contamination, the use of Conceptual Site Models (CSM) that 
form basis for risk assessment, and selection of remediation options. TD6.4 includes a 
review of the available software packages and approaches that have been developed to 
support decision makers through these stages. TD7 includes a review of remediation 
methods themselves and additional details on the factors affecting selection. TD6.5 
includes a review of methods available for software design and validation.
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TD6.2 Combining Qualitative and Quantitative Data
The benefits and challenges of combining qualitative and quantitative data in decision­
making are faced in many disciplines. For example; geography (Bradshaw et al., 2001); 
nursing research methods (Sandelowski, 2000); psychotherapy (Regli et al., 1998); Life 
Cycle Assessment (LCA) (May and Brennan, 2003); and health research (Bazeley,
1999). A similarly broad set of techniques have been developed for dealing with the issue 
of combining qualitative and quantitative data. Two key methods are described in section 
TD.3; Multi-Criteria Decision Analysis (MCDA) and Analytical Hierarchy Process (AHP).
The assessment of contaminated land is conducted in phases as discussed in TD2 (Defra 
2004), and includes several points where qualtative and quantitative information must be 
considered together. An initial assessment will include a desk study to review the existing 
information including site history and any existing site investigation data in the area; 
predominantly qualitative data with some quantitative information from any existing 
investigations. As the assessment develops intrusive ground investigations will be 
undertaken which will incorporate chemical sampling and testing; predominantly 
quantitative data, with some qualitative descriptions of materials included. To assess the 
potential risks from contamination a combination must be made of descriptive information 
about the vulnerable receptors on the site, the possible pollutant linkages and the 
quantitative contamination concentrations and exposure models. The commercial context 
within which intrusive site investigations are conducted leads to inevitable data gaps as 
practical restrictions, limited time and budgets reduce the amount of testing that can be 
carried out. Data used to assess the properties for the ground, in general, only “represent 
1/100,000 or less of the total volume of the soit' (Parsons and Frost, 2002) and 
consequently significant uncertainty exists as to the actual properties of the remaining soil 
volumes. One way to reduce this uncertainty is to turn to other indicators of 
contamination, other than the quantitative data. Hendriks et al. (1998) have shown that 
the inclusion of soft data in the volume estimation of cyanide and PAH contaminated soil 
reduced uncertainty with 4% to 16%. In this case, olfactory information was used to 
support chemical test data for geostatistical interpolation carried out using a Graphical 
Information System (GIS).
The combination of qualitative and quantitative data is integral to the process of 
contaminated land assessment. Benefits of using both types of data in decision-making 
may be seen where the quantitative data is limited, as presented by Hendriks et al. 
(1998). The methods available for combining different types of data used in decision 
support tools for contamianted land include MCDA and AHP, which are described in more 
detail below.
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TD6.3 Approaches to Decision Support for 
Contaminated Land Management
TD3 includes a more general review of decision support. A Decision Support System 
(DSS) can be defined as a computer based model that includes one or more models of 
decision-making that are used to process input data from the user to produce a decision 
outcome or recommendation (Klein and Methie, 1990). An Expert System (ES), contrasts 
with a DSS as it will include both a knowledge base of information and a theoretical base 
of rules and axioms that can be used to connect the cause and effects. An ES is capable 
of using knowledge and procedures to solve problems at the level of a professionally 
trained human.
Pollard et al. (2004) conducted a review of thirty years of decision support used in 
contaminated land management. The review considered the development from cost 
based assessment in the 1970s, through technology selection in the 1980s, risk based 
assessment in the 1990s and the more holistic approach to sustainable devleopment 
assessments that incorporate social aspects today. The application of decision support 
tools covers the whole process of contamianted land management; planning, site 
investigation, risk assessment and remediation. The sustainablility objectives are 
implimented in varying degress through policy obejectives, legislation and voluntary 
action. Pollard et al. (2004) report that the tools that are encouraged by guidance and 
legislation include:
brainstorming techniques for project risk assessment,
statistical data analysis to review site investigation data,
environmental fate and transport modelling to be used with exposure 
assessments,
- scoping, screening and prioritising remediation methods that may be applicable 
to a site,
- sensitivity and uncertainty analysis to be applied to detailed quantitative risk 
assessments,
public consultation,
cost benefit assessment to select remedial measures,
investigations of lay interpretations of risk to improve risk communication.
The above list of approaches to managing contaminated land is broad and requires a 
range of skills from the assessor. The development of professional skills is discussed in 
TD3.
In contaminated land assessment, many of the software tools and approaches available 
(described in TD6.4) would be considered decision support tools and employ a 
combination of the list presented by Pollard et al. (2004). In general, the tools available 
require user input to perform a calculation that combines the data in some way; the output 
is then presented to the user so that they can make their own decision. Some tools, e.g. 
Assessment Tool for The Investigation of Contaminated Land (ATTIC) (Martin and Toll,
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2006), include some knowledge about the system and act more like an ES by processing 
this knowledge to aid the model output offering a more complete decision.
The decision support tools use a variety of methods for combining input information; these 
include Multi-Criteria Decision Analysis (MCDA) and Analytical Hierarchy Process (AHP). 
Both MCDA and AHP described in general terms in TD3 and noted as being 
commonplace in many decision contexts. Some more specific examples relating to 
contaminated land are included below.
TD6.2.1 MCDA and AHP
Multi Criteria Decision Analysis (MCDA) is an example of a DSS and offers a method of 
combining input data from the user to produce a decision outcome. MCDA is used to 
clarify decisions made under uncertainty with varied and often competing preferences that 
influence a choice of action. MCDA is both an approach and a set of techniques that aim 
to aid the ordering of options to distinguish a preferred option (DTRL, 2001).
The benefits of MCDA include the ability for the basis of a decision to be made explicit 
and the weighting of factors in the decision to be shown. However, the reasoning behind 
this weighting of data may not be clear. One key disadvantage for this process is that it 
can take longer to complete as it requires individual rating of all information to complete a 
decision and does not allow for any shortcuts in the decision process. TD3 includes 
discussion of expert decision-making and describes the shortcuts that experts take when 
assessing a situation; i.e. a decision can be reached without the need to consider every 
factor. In contrast MCDA forces the decision maker to proceed through all data. Hayes 
and Akhavi (2009) carried out a study of product designers and found that experts took 
longer to use the MCDA based support tools that they were given to make decisions than 
when they were permitted to use their own techniques. Hayes and Akhavi (2009) suggest 
that mathematical tools such as MCDA could be improved by adding a screening stage 
that allows the decision maker to make quicker judgements and discard options. The type 
of screening suggested relates to amount of information available about an option and the 
likely benefit of seeking more information.
An example of the use of MCDA and AHP applied to policy decision-making for 
development site selection is ASSESS (Hill et al., 2005). The tool combines a 
Geographical Information System (GIS) with MCDA-AHP to combine different types of 
information to produce a preferred choice outcome. The types of applications include; site 
selection for disposal of low-level radioactive waste and selection of land for agricultural 
development. AHP allows the user to assign relative preferences to the common 
attributes of the options considered, and to rate each option in terms of these attributes. 
The options are then compared and a preferential option selected. Hill et al. (2005) 
highlight the problems associated with incorporating uncertainty in MCDA in an explicit 
manner. Ratings are assigned to factors influential in the decision, which are then 
compared but the certainty in these factors cannot be readily recorded in the MCDA 
approach without modification. Suggestions to address this include fuzzy and probablistic 
approaches and optimisation techniques. These, and other approaches used to model 
uncertainty in decision support tools are are described below.
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TD6.2.2 Modelling Uncertainty
The general methods for dealing with uncertainty in decision-making are discussed in 
TD3. Here we consider specific methods applied in decision support software tools in 
contaminated land assessment. Uncertainty can occur in many aspects of contaminated 
land assessment, from the qualitative data such as site history, to the quantitative data 
such as chemical test data obtained from site investigations. Uncertainty in qualitative 
data used in assessments relates to the quality of that data but also the judgements 
required in converting the information to a quantitative scale for integration with 
quantitative data. In the case of models that use AHP the relative importance of factors in 
the decision is central to generating a common rating scale that can be used with other 
forms of data. The preferences of information are elicited through questionnaires to 
obtain practitioners views. This poses a challenge in gaining consistent ratings and the 
need for large samples of participants to achieve this (Bottero and Peila, 2005).
In terms of uncertainty in quantitative data it may be less obvious that information such as 
the chemical test data is not absolute. There is uncertainty associated with both the 
sampling methods and the test itself. Ramsey and Argyraki (1997) suggest that each 
measurement should be considered as only an estimate of the true contamination 
concentrations. In estimating the uncertainty associated with the testing a better 
comparison to guidance values can be made. For example, if the allowable limit for a 
contaminant is 10 mg/kg of soil, and a test result shows a concentration is 8.5 mg/kg then 
the question raised is whether that result can be used to classify the material, if the known 
error in measurement was +/-10%. If the test result was 100 mg/kg then the certainty that 
the sample was contaminated is much greater. Schnabel et al. (2004) suggest that the 
variance due to sampling related uncertainty (sampling patterns, density, and procedures 
on site) and laboratory inaccuracies to be 35% of the predicted values of cadmium for the 
smelting site used in their study. Parsons and Frost (2002) considered the uncertainties 
related to geotechnical parameters and the benefits of additional sampling with geospatial 
modelling. The study found that although increasing the amount of sampling did improve 
the certainty, this benefit diminished as the sampling set became larger. They also found 
that over sampling in one location could bias the results. This shows that care must be 
taken to established an appropriate sampling plan in terms of quantity, quality and spatial 
distribution across a site.
One factor that Ramsey does not discuss that will affect the comparison of sample data 
with threshold concentrations is the potential for the threshold value itself to have inherent 
uncertainty as well. TD2 includes a discussion of the turbulent state of soil guidance 
values in the UK over the last decade, suggesting that an acceptable level is not 
necessarily absolute. Scholz and Schnable (2006) proposed on a probabilistic approach 
to uncertainty in contamination distribution of cadmium at a former smelting site. The 
study considered the potential for an erroneous assessment of contamination leading to 
either unnecessary remediation or missing contaminated material in the remediation 
strategy, and utility functions to assess the potential gains from clean up (cost, economic 
gain from the land, impact on human health and agricultural productivity). A key 
conclusion of the paper was that the inclusion of uncertainty in the assessment made a 
large impact on the decision outcome for remediation. Also the use of maximising utility
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as a decision critical measure, increased the possibility of erroneous decisions and 
missing contaminated material.
In the development of ASSESS (Hill et al., 2005) note the difficulty in constructing 
uncertainty handling mechanisms in support tools that are understandable to clients and 
stakeholders. One approach that has been used in to deal with uncertainties in decision 
support tools is the use of fuzzy uncertainties/although this may not be easily explained to 
the user. Fuzzy logic deals with the concept of partial truth, as opposed to Boolean logic 
where everything can be expressed in binary terms; true or false, 0 or 1. Fuzzy logic 
replaces this with degrees of truth, which are similar to probabilities although do not need 
to sum to one. This allows for values between 0 and 1, and ‘possibly true’. It is possible 
to use fuzziness in a quantitative way through the use of fuzzy sets, where there are there 
are grades of membership to a particular category. A fuzzy set is characterized by a 
membership function which assigns to each object its grade of membership (a number 
lying between 0 and 1) in the fuzzy set (Zadeh, 1990). Lehn and Temme (1996) propose 
the use of fuzzy sets to allow for uncertain data in early contamination assessments. For 
cases when it is not clear whether the information being assessed is representative of 
contamination or not then a fuzzy classification would be useful. However, the data 
collection method needs to allow for recording of uncertainty for the information to be used 
in a decision support tool in this way.
Fuzzy logic has been successfully integrated with other decision modelling techniques in a 
number of systems since the research of Lehn and Temme (1996). For example, Luo and 
Dimitrakopoulos (2003) combined fuzzy logic with a weighted approach to variables used 
in assessing the location of mineral deposits. This approach also combined qualitative 
and quantitative data. The improvements that Luo and Dimitrakopoulos (2003) suggest 
include confidence measures of the output of the model to better communicate the 
uncertainty in the result. Yang et al. (2006) apply fuzzy uncertainties and evidential 
reasoning to a Multiple Attribute Decision Analysis (MADA), much like MCDA, where 
qualitative and quantitative data are combined and compared to aid decision-making. 
Rather than producing a single score for each output a fuzzy belief matrix was produced 
for each option reflecting the uncertainty in the output. Yang et al. (2006) suggest that as 
the decision context becomes more complex then more powerful tools are required to 
simulate the uncertainty and complexity. Pan (2008) applied fuzzy numbers to overcome 
the difficulties of including uncertainty in the application of rankings in AHP. In this case a 
fuzzy AHP model was tested on the selection of the appropriate bridge construction 
method, a similar engineering choice decision to the selection of a remedial technology 
where several options may be effective and a range of criteria exist of comparison. Fuzzy 
classification has been used to replicate expert decision-making in an ES for geotechnical 
engineering decisions (Cheng et al., 2008). The application of fuzzy logic is, however, 
controversial in some disciplines.
An alternate approach to accommodating uncertain data is the use of evidential 
reasoning, which is based on the application of belief functions. Evidence Theory was 
developed from theories presented by Dempster (Dempster, 1967) and Shafer (Shafer, 
1976) and is referred to as the Dempler-Shefier Theory (D-S Theory). A belief function 
can be considered as a generalized probability function that incorporates measures of
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plausibility and belief that relate to upper and lower bounds of the probability of an event. 
The evidential reasoning approach has been applied to Environmental Impact 
Assessment (ElA) problems where there are environmental factors that are qualitative and 
quantitative and often uncertain (Wang etal., 2006). Wang et al. (2006) propose that the 
use of belief systems provides improvement on MCDA methods of combining data.
A probabilistic approach to uncertainty in sequential events is Bayesian Networks. Baye’s 
theory relates to conditional probabilities, i.e. the probability of event A occurring given 
that event B has occurred. It does not necessarily follow that the same probability will 
exist for event B occurring given that event A has occurred. However, there is a 
relationship between these two cases and Baye’s theory describes this relationship.
Two further methods that that have been developed to assess uncertainty in 
environmental models are the NUSAP method of assessment (van der Sluijs etal., 2005) 
and GLUE (Beven and Binley, 1992). These methods are described below.
NUSAP stands for the five qualifiers of quantities used in complex 
environmental problems; Numeral, Unit (traditional sense or additional 
information such as the date of measurement), Spread (generalises from 
tandem error so +/- a range for example), Assessment (qualitative estimate of 
information) and Pedigree (a qualitative assessment of underpinning science of 
a value based on assessment matrix). The emphasis of the process is to 
incorporate a measure of certainty in the model parameters and assumptions 
used; an important aspect when interpreting the output of an environmental 
model, (van der Sluijs et al., 2005)
The Generalized Likelihood Uncertainty Estimation methodology (GLUE) is 
used for situations where the most appropriate model and parameters for an 
environmental system may not be clear. The method for assessing input 
parameters consists of three steps; statistical distributions for input parameters 
are set up reflecting the certainty in the values selected, stochastic simulations 
are run to establish the most likely parameters, finally parameters are selected 
based on how well they fit observations of the real system. This leads to a 
measurement of likelihood for parameter sets. A similar process is carried out 
for comparing models. (Beven and Binley, 1992).
Nathanail et al. (2002) suggest some less mathematical approaches for dealing with 
uncertainty in input parameters including sensitivity analysis where an uncertain 
parameter is varied to assess its impact on the output and then a judgement made on a 
reasonable value to use. The authors also note that each stage of the process has 
different uncertainties associated with it. The biggest influence on the outcome of a risk 
assessment is the possibility of missing a potential pollutant linkage in the CSM. One 
reason for such an omission may be lack of information in early stages of the assessment 
or not considering the full range of linkages. Other high impact uncertainties raised are; 
sampling error, lack of knowledge in the toxicological or transportation inputs for exposure 
assessments of contaminants of concern. This judgment of selecting values from 
sensitivity analysis will be affected by the conservatism of the decision maker. El- 
Ghonemy et al. (2005) emphasise the importance of an audit trail in assessing uncertainty
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for risk assessments of nuclear sites. In their study the location of uncertainty in the model 
was first identified and systems put in place to record the exploration of varying input 
parameters. This procedural approach to dealing with uncertainty is reflective of the 
methods described in TD3.
There are several methods developed for assessing the uncertainty of data input into a 
model as well as the assumptions that the models themselves make. The difficulty is 
communicating these uncertainties without undermining the need for a decision and 
action. The use of expert judgement in the application of environmental parameters is 
essential to environmental modelling, including the assessment of contaminated land. 
Below are some of the decision support tools developed for the contaminated land 
industry. The approaches used for modelling uncertainty have been included in DSS for 
contaminated land to varying degrees. In many of the software tools listed below, there is 
no assessment of uncertainty and it is left for the user to apply their own methods of 
accounting for uncertain parameters. In some cases the uncertainty is presented in the 
output or considered in the processing of data (for example the Optimised Contaminated 
Land Investigation (OCLI) Tool (Ramsey and Argyraki, 1997)).
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TD6.4 Available Software for Contaminated Land 
Assessment
The following tables summarise some of the contaminated land assessment tools 
available addressing different stages the management of contaminated land. The list is 
not exhaustive but aims to capture the key tools available demonstrating the breadth of 
decision support systems available. The tools have been grouped according to the 
specific phase of management that they are targeted at:
- Site Investigation -  the design of intrusive investigations and assessment of 
the amount of sampling and testing required to categorise the site.
Contaminant Distribution -  spatial distribution of contaminants and the 
volumes of contaminated soil calculated.
Risk Assessment -  split into two phases:
Conceptual Site Models (CSM) -  identifying the source, pathway and 
receptor elements that form the basis for the pollutant linkage definition of 
contaminated land (Defra, 2006).
- Exposure Assessment -  assessing the acceptable / unacceptable 
concentrations of contamaintionon a site given specific users of that site 
(temporal considerations are also listed).
Selection of Remediation Options -  tools that can be used to help select 
remedial measures and assess their applicability to a site.
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TD6.5 Software Development and Validation
In the field of computer science the term validation has a specific meaning that is distinct 
from verification. Validation is concerned with the checking of a complete software 
package against the user requirements at the end of its development. Verification is 
concerned with the checking that a given phase of development of the software is 
completing the task in hand correctly (IEEE, 1986). Verification poses many challenges, 
especially for complex knowledge based systems. Preece, Talbot, and Vingnollet, (1997) 
present a review of software packages designed to aid in the verification of consistency, 
completeness and correctness of a Knowledge Based System (KBS), the need for 
additional software to complete the verification illustrates the complexity of this task as the 
KBS becomes more complex. The comparison of the behaviour of a model against 
known real world behaviour would be termed calibration (AGS, 1994).
Maule (2009) suggests that the potential of a decision support tool can only be fully 
realised when the tool is developed and evaluated with a detailed understanding of the 
user decision-making processes. The interaction of the user with the tool may not be 
easy to predict. At the start of this Technical Digest and in TD3, theories of human 
cognition in natural environments were presented. These suggest that the decision maker 
takes shortcuts in their decision-making process and may not use all the information 
available. Many of the decision support tools described in the tables above, have been 
designed to help the user integrate all of information in their decision-making process on 
the understanding that this is what the user desires. The user decision process that relies 
on limited data is clearly at odds with the decision support tools that promote the use of all 
available data. If the tool does not fit with the decision process used then the user will 
either not use the tool or find a work around that enables them to carry out the process 
they would like to use despite the assumptions of the model.
Mueller et al. (2009) have carried out research concerned with experiential user guides 
and how they can be designed to help the user understand the programme and maximise 
usage. Experiential guides are based on user experiences with a programme rather than 
an explanation of the developers view on how the programme can be used. Mueller et al. 
(2009) suggest that this type of guide can improve training times with a new tool and help 
decision makers better understand the limits of use of a decision support tool.
The issue of communicating uncertainty was raised in TD6.3. This problem extends to the 
communication of policy decisions that relate to environmental matters, but can equally be 
applied to any reporting of an environmental assessment. The Netherlands National 
Institute for Public Health and the Environment (RIVM) has developed a tool to help 
communicate uncertainty and improve the credibility of policy decisions. The target users 
of the assessment guide were Netherlands Environmental Assessment Agency (MNP) 
that falls within RIVM (Janssen et al., 2004). The RIVM/MNP Guidance for Uncertainty 
Assessment and Communication (RIVM, 2004) is made up of four elements; mini­
checklist and Quickscan Questionnaire, Quickscan Hints and Action List, Detailed 
Guidance and Tool Catalogue for Uncertainty Assessment. The different levels of 
assessment from the Quickscan Questionnaire to the Detailed Guidance can be applied to 
more or less complex scenarios and decisions as appropriate and as time permits; both
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extremes consider all stages in assessment from problem framing through to reporting of 
the results.
The development of decision support tools has a number of challenges. These include 
technical issues in achieving an accurate model for the decision context. However, the 
greater challenge that is often not addressed, is truly meeting the needs of the user. A 
decision support tool should work with the decision processes of the user, and sufficiently 
communicates uncertainties and judgements made along the way. These issues are true 
for any environmental decision making context, such as contaminated land assessment, 
where judgement is essential, and uncertainties are inevitable.
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TD6.6 Summary
Decision Support can be defined as the “assistance for, and substantiation and 
corroboration of, and act or result of deciding; typically this deciding will be a 
determination of optimal or best approach“ (Bardos et al., 2001). Contaminated land 
management involves several stages and levels of decision-making. There are also 
several individuals with specific areas of expertise involved in the process. The need to 
communicate decisions between experts within the field of contaminated land and to third 
party stakeholders outside of the industry means that a consistent, transparent decision­
making process is required. Many decision support tools aim to address this need. A 
review by Bardos et al. (2001) of decision support in contaminated land management in 
Europe and North America suggested that despite similarities in the contaminated land 
issues and overall approaches the detail of the processes for addressing contaminated 
land varied between countries. In addition, the basis for contaminated land assessment 
(human health or ecology), the priorities of vulnerable receptors, administration and 
legislative procedures and social attitudes to contaminated land risk all varied. The range 
of decisions required has lead to an equally wide range of decision support tools 
available.
Section TD6.4 includes a selection of decision support tools for the management of 
contamination. The tables are not exhaustive, rather illustrative of the breadth of decision 
support tools available. Reviews of such tools available for contaminated land 
assessment have been carried out in the USA (US EPA, 2005) and Europe (Bardos et al. 
2001, EA, 2000). The US Environmental Protection Agency (US EPA) has collated a set 
of 20 tools and a screening method to select the most appropriate ones for use in the 
assessment and management of contaminated land. These tools cover all stages from 
site investigation and risk assessment to risk communication with the stakeholders 
concerned. Bardos et al. (2001) conducted a survey of decision support tools in 16 
European countries. The review found that the most successful tools were those that 
were specific to a particular type of decision or stage in the process, for example site 
investigation design. Those tools that looked more broadly at the contaminated land 
assessment process were generally found to be less developed and less well accepted. 
Identifying the right tool for the decisions required in contaminated land assessment can 
be as much of a challenge as developing the tools themselves. Whilst within the US there 
is some guidance produced on the available tools, in the UK this is not as developed (EA,
2000).
Toll (1996) carried out a review of Artificial Intelligence (Al) applications in geotechnical 
engineering. Contaminated land assessment is closely related to more general 
geotechnical engineering and is a similarly imprecise science due to the inherently 
variable natural materials (soil) that contain contaminants. Toll (1996) investigated a 
range of Al tools that have been developed for this industry. The findings of the survey 
were that the role of Al should not be to replace the decision maker but rather act as 
support tools for them. There is a need for expert judgement in decisions, and a 
challenge in acquiring it, in geotechnical engineering and contaminated land assessment 
alike.
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There are a range of approaches for incorporating uncertainty in decision support tools; 
probabilistic, fuzzy and descriptive approaches all play a part. However, few of the 
models listed include a measure of uncertainty in the assessments made. This may be 
related to the complexity of some available methods, or simply the understanding of the 
typical user in applying them. The inclusion of uncertainty assessment that is too detailed 
may inhibit the decision process and make the communication of uncertainty too complex 
(Wardekker and van der Sluijs, 2005). However, it is important that some uncertainty 
assessments are carried out and an open decision-making process is made where 
scientific assessments interface with the public domain (as with contaminated land).
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Technical Digest 7 Abbreviations
CLAIRE Contaminated Land: Applications in Real Environments
BPEO Best Practicable Environmental Option
BPT Best Practical Technique;
DETR Department of the Environment, Transport and the Regions
Defra Department for Environment Food and Rural Affairs
EA Environment Agency
EIC Environmental Industries Commission
LA Local Authority
MNA Monitored Natural Attenuation
NHBC National House Builders Council
Part IIA Part IIA of the Environmental Protection Act (1990)
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TD7.1 Introduction
This Technical Digest, TD7, is focussed on remediation methods available for dealing with 
contaminated land. Links are made to the existing tools and applications listed in TD6 for 
selecting remediation options and TD2 for current best practice and guidance related to 
the management of contaminated land. In approaching the subject of remediation 
technologies some fundamental questions arise:
1. What is remediation, when is it required and what does it aim to achieve?
2. What are the physical techniques used and how are they selected?
3. How is the process controlled?
Section TD7.2 includes an introduction to remediation, the definitions of key terms 
relevant in the UK and the triggers for remediation. TD7.3 includes a summary of the 
technologies available. TD7.4 is concerned with the controls and validation procedures 
required for managing the remediation process.
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TD7.2 Definition of Remediation
Remediation is defined under Part IIA of the Environmental Protections Act (1990) as 
either assessing contaminated land or controlled waters, carrying an activity to mitigate 
the significant harm that is being or could be caused from a site, or monitoring a site 
(Defra, 2006). The full definition of remediation is defined in Section 78 (7) of Part IIA (as 
amended) is:
“(a) the doing of anything for the purpose of assessing the condition o f-
(i) the contaminated land in question; or
(ii) any controlled waters affected by that land;
(Hi) any land adjoining or adjacent to that land.
(b) the doing of any works, the carrying out of any operations or the taking of any 
steps in relation to any such land for the purpose-
(i) of preventing or minimising, or remedying or mitigating the effects of any
harm, or any pollution of controlled waters by reason of which the 
contaminated land is such land; or
(ii) of restoring the land to its former state; or
(c) the making of subsequent inspections from time to time for the purpose of
keeping under review the condition of the lan d or waters. ”
It should be noted that the above definition is applied to sites that fall under the definition 
of contaminated land in Part IIA given their current use. The regulating body, either the 
Local Authority (LA) in the area or, in the case of ‘special sites’, the Environment Agency 
(EA) would enforce the remediation described above. There is no specified method for 
remediation and the goal for remediation is to leave the land ‘suitable for use’ (Defra, 
2006).
There are many triggers for remediation several of which are listed in the Defra Legislative 
overview document (Defra, 2004a). These include:
requirements of planning permission, or building regulations,
if the site is defined as contaminated under Part IIA,
under a works notice issued under the Water Resources Act 199,
- remediation during the life of a permitted industrial instillation and to ensure 
sites are returned to a ‘satisfactory’ condition,
remediation prior to formal surrender of a waste management site licence,
removal of illegally disposed waste and remediating the consequences of the 
disposed waste,
as voluntary action, for example before the sale of land.
T D 7 - 5
Engineering Doctorate: Regenerating the Brownfields
TD7: Remediation Technologies
Clearly these reasons are wide ranging but essentially are either based on legislative 
requirements or financial incentives. For the purpose of this research focus has been 
given to development projects and remediation carried out under the planning regime.
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TD7.3 Remediation Methods
This section reviews the available technologies for remediation, the trends for their 
application and the considerations used in the selection of an appropriate remediation 
method.
TD7.3.1 Remediation Technologies
Numerous techniques for remediation of contaminated land have developed over the last 
decade or more. The development of new remediation techniques has been experienced 
on a global scale. The techniques described have been limited to those established in the 
UK. Remediation techniques fall into two broad categories:
1. civil engineering techniques, and
2. process based techniques.
The civil engineering techniques are dominated by excavation and disposal to landfill of 
contaminated material (more commonly known as ‘dig and dump’); although some 
encapsulation methods (e.g. containment and cover systems) that are used to safely 
contain contaminated material also fall into this category. The process based techniques 
incorporate a whole host of methods and can be in-situ (i.e. treating the soil without 
physically removing it first) or ex-situ (i.e. excavating the soil and treating it above ground). 
Within each of these categories the techniques can be biological, chemical, physical or 
some combination of these.
Guidance on remediation techniques from both general and technology specific 
viewpoints have been published by a number of organisations (e.g. CIRIA, 2004; 
Nathanail et al., 2002; EA, 2004; SAGTA, 2002; NHBC, 2008). CIRIA have produced a 
best practice guide on the topic (CIRIA, 2001). The technologies described can be used 
independently or in association with each other as part of a wider remediation scheme. 
The technologies that are described in detail in the CIRIA publication are:
Ex-situ bioremediation -  soil is excavated, placed above ground and aerated 
(or otherwise treated) to enhance the natural biodegradation of organic 
contaminants.
Enhanced in-situ bioremediation -  water based solutions are passed through 
the ground to activate micro-organisms and enhance the biodegradation of 
organic contaminants.
Natural attenuation -  (also referred to as Monitored Natural Attenuation 
(MNA)) simply where natural processes are left to remediate the land without 
intervention. The processes include biodegradation; dispersion; dilution etc.
Soil vapour extraction -  another in-situ technique whereby air is passed 
through the soil to encourage the volatilisation and aerobic biodegradation of 
contaminants. This can also be used in conjunction with ex-situ bioremediation.
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Air sparging -  a combination of both biological and physical techniques; 
compressed air is injected beneath the water table to promote volatilisation of 
certain organic contaminants.
- Bio-venting -  in situ aerating of unsaturated soils to stimulate biological activity 
and bioremediation to change contaminant mass, concentration and toxicity.
Dual-phase vapour extraction -  another in-situ technique which is aimed at 
removing both vapour and liquid from the soil.
Soil washing -  this is an ex-situ process whereby the excavated soil is 
‘washed’ by mechanical separation or aqueous leaching.
- Cement fixation -  essentially cement or other binders are mixed with soil to 
physically, and in some cases chemically, immobilise the hazardous 
contaminants.
Other methods of remediation used that are described in Environment Agency position 
statements (EA, 2006) are:
soil flushing,
solvent extraction,
transformation by chemical treatment, and
permeable reactive barriers
There are numerous other techniques that can be used for remediation of contaminated 
land that are not commonplace in the UK as:
they are under development through current research,
the processes have only been used outside of the UK, or
the process has only been used outside of the UK, possibly as the process is 
not applicable to the ground conditions or type of contamination found in the 
UK.
Remediation technology research is widespread globally, and many different techniques 
are being developed as well as existing techniques being pushed forward. The following 
section includes discussion of the development of remediation technologies.
Other developments of note are in the fundamental way in which soil remediation is 
completed. The focus on site-specific remediation has been challenged by the use of hub 
systems whereby material from a small site can be taken to a central remediation hub for 
the area. This hub then not only acts as a central remediation centre for contaminated 
soil, but also as a source for clean construction materials. A similar concept has been 
considered for use at landfill sites to facilitate the continuation of ‘dig and dump’. The 
difference lies in that the landfill operators would accept the contaminated waste and then 
remediate it before either selling it as a construction material (subject to waste legislation)
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or disposing of it in the appropriate landfill. The main barrier to this method relates to the 
definition of waste, and more specifically when material ceases to be waste. If the 
material has no specified use on the site from which it came then it remains waste, even 
after remediation at a hub. As such the material can only be used in the remediation 
process or as landfill cover material for example. Further discussion of the definition of 
waste and UK legislation is included in TD1.
TD7.3.2 Trends in Remediation Technologies
The traditional methods for dealing with contamination in the UK have been to excavate 
the offending material and dispose of it in landfill, termed ‘dig and dump’. However, this 
simply translates the problem from one location to another and is clearly unsustainable as 
there is not an infinite supply of landfill (Wood, 1994). In more recent years there has 
been a move for more process-based remediation technologies to deal with the problem. 
These methods potentially offer more sustainable solutions, and also often support the 
‘proximity principle’; where waste is to be dealt with as close to source as possible. The 
current landfill legislation (discussed in TD1) has imposed limits on the disposal of 
material to landfill as well as increasing landfill tax, offering a clear financial incentive to 
move away from ‘dig and dump’ (Defra, 2004a).
The selection of remediation methods has changed dramatically over the last 15 years. 
Rivett et al. (2002) conducted a useful survey to review the remediation of contaminated 
land in the UK over the period 1996 to 1999. The work was commissioned by the 
Environment Agency and was aimed at developing baseline data from which remediation 
trends could be developed in the future. The results showed that over that period, 80% of 
remediated sites surveyed used ‘dig and dump’ as the primary remediation method. This 
said, a multi-technical approach was seen on many of the sites, aimed at reducing the 
volume of soil to be removed and targeting remediation to specific contaminated areas of 
the site.
At the time of this survey offsite disposal was the easiest method to remove the risk from 
contamination, and landfill tax was not seen as a barrier to development. There were 
some concerns over the declining availability of landfill and some awareness that the 
process was not sustainable, however “survey respondents did not identify the likelihood 
that offsite disposal as a remediation option may decline as a result of the implementation 
in Britain of the European Landfill Directive” (Rivett et al., 2002).
The two key lessons highlighted by the survey were:
The cheapest and most readily available appropriate remediation technique will 
be used, as such as long as landfill is available and cost effective it will be used.
Unproven remediation processes will not be used, predominantly based on the 
fact that developers will not take on the liability for unproven techniques.
The current situation in the UK has moved on from this, in the most part due to changes in 
the legislative regime forcing up the cost of landfill and thus making the ‘dig and dump’ 
option less attractive. Process based remediation techniques in the UK have been used
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for 10 -  15 years, and as their relative cost comes down, the methods become more 
attractive and as such there has been a growth in this market, where more civil 
engineering solutions have stabilised or declined (Summersgill, 2006). The 2008 
Environmental Industries Commission (EIC) industry survey (EIC, 2008) included an 
assessment of barriers to the growth of the remediation industry. Uncertainty associated 
with costs of remediation was noted as a key barrier to industry growth by 45 per cent of 
respondents.
A survey of 16 European countries was carried out in 2002 to assess the use of 
remediation technologies (CLARINET, 2002). The survey found large differences in the 
remediation technologies employed in the participating countries. Reasons suggested 
include differences in regulatory frameworks, prioritisation of groundwater protection, 
economic frameworks and policy framework differences including the use of risk based 
land management and financial support given to innovative technologies in some 
countries. In general ex-situ technologies were the most commonly used. The specific 
technologies that were found to be widely employed were; excavation and handling of 
materials, disposal, infilling of voids, cover systems and vertical barriers. Technologies 
protecting against ground gases with wide application were; barriers beneath buildings, 
gas barriers in ground, monitoring systems and gas alarms. Some in-situ technologies 
have wide application, specifically soil vapour extraction and bio-venting, air /  bio- 
sparging, soil flushing (pump and treat), permeable reactive barriers (in some countries) in 
situ oxidisation and monitored natural attenuation. Finally ex-situ technologies with wide 
application were bioremediation, soil washing, solidification and stabilisation, and 
groundwater treatments. Ex-situ Thermal treatment and in-situ electro-remediation had 
some field trials. Emerging technologies included phyto-remediation.
The EIC 2008 survey included a review of remediation technologies used in the UK 
(Morgan, 2008). The findings were similar to those from the CLARINET (2002) survey 
described above. Seven ex-situ and six in-situ techniques were identified for soil and 
groundwater treatment. The technologies noted as being well established included; ex- 
situ bio-remediation and soil washing and in-situ cover and barrier systems combined with 
solidification-stabilisation and soil vapour extraction combined with in-situ bioremediation.
The remediation market in the UK is estimated to be around £150 to £200 million per 
annum since 2001 (Summersgill, 2006). In terms of costs of using remediation 
technologies, the CLARINET (2002) study found ex-situ technologies to vary in cost much 
more than in-situ methods. The proportion of the cost of clean up on smaller development 
projects was much higher than for larger ones. The variations may be accounted for by 
availability of technologies in different countries and possible differences in definitions. 
The range was from 20 Euros /  tonne of material treated up to 350 Euros per tonne for the 
most expensive treatment method (incineration of excavated material). English 
Partnerships, (2008) have produced a best practice note to aid in the estimation of costs 
associated with Brownfield redevelopment. Within the guidance a range of costs of 
remediation are presented for difference site categories (based on historic /  existing land 
use as an indicator of contamination), risk to ground water and proposed site use. The 
range of costs is from £50,000 / hectare for lowest risk sites up to £1,375,000 /  hectare for 
the most complex sites. The area of the total site (not just the contaminated area if known
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or suspected) is to be used with these rates for an estimated remediation cost, and factors 
applied to convert the figures form 2007 rates.
The future developments in contaminated land remediation are likely to include a move to 
more sustainable methods (Morgan, 2008). The industry research body Contaminated 
Land: Applications in Real Environments (CL:AIRE) have set up the Sustainable 
Remediation Forum to propose the sustainable development objectives in remediation. 
The initial report from this forum has been on a review of sustainable indicators for 
remediation activities. The selection of remediation technologies is discussed in the 
following section.
TD7.3.3 Remediation Selection Methods
TD2 includes a review of guidance and best practice for management of Brownfield land 
in the UK. One of the key guidance documents available is published by Defra; 
Contaminated Land Report (CLR) 11 (Defra, 2004b). The document outlines the 
procedure of managing contaminated land from initial assessment through to 
implementation of the remediation plan and verification. A process is outlined for the 
selection of remediation methods for contaminated land. This includes four stages 
described below.
1. Options appraisal -  where each pollutant linkage is considered in turn and 
suitable remediation technologies identified. This should include consideration 
of the contaminants, site constraints, proposed land use, legal and commercial 
issues and stakeholder views. The objectives for the remediation should be set 
and measurable remediation criteria identified.
2. Feasible remediation options selected -  this stage should produce the site 
specific objectives and identify a shortlist of remediation options. “A feasible 
remediation option is one that is likely to meet defined, site-specific objectives 
relating to both the pollutant linkage and the wider management context for the 
site as a whole” (Defra, 2004b).
3. Detailed evaluation -  this should be carried out against the established 
remediation objectives and criteria. The most appropriate remediation option 
for each linkage should be identified and any combinations of technologies 
outlined. The selection process should be similar to selecting the Best 
Available Technology (BAT) and then the Best Practicable Technology (BPT) 
that can be applied to the site. Due consideration should be given to competing 
interests and a balance made.
4. Develop the remediation strategy -  this should include the detailed practical 
considerations such as the zoning of remediation areas, a verification plan and 
any preparatory work that is required.
The guidance described above offers an overview to the process however the details of 
how to compare and select remediation options is still open to the assessor. Bardos et al.
(2002) suggest some general principles for remediation selection. The authors present 
six factors that influence remediation selection:
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1. Driving forces for remediation: may be human health /  environmental protection, 
to enable redevelopment, repair previous remediation attempts or to limit 
liabilities for land resale for example.
2. Risk management: risk based assessment of the site will identify the issues to 
be addressed in remediation.
3. Technical suitability and feasibility: a suitable technology is one which meets the 
technical and environmental issues of the site, a feasible technology will be one 
that meets other concerns such as cost, time and preferences of stakeholders.
4. Stakeholder Satisfaction: core stakeholders include the land owner, those 
affected by the contamination and the regulator, with additional stakeholders 
that may be considered (such as local community and pressure groups).
5. Sustainable Development: remediation is arguably a sustainable activity by 
virtue of its objective to recycle land. However, the act of remediating a site 
may have environmental, social and economic impacts that are generally 
overlooked.
6. Costs and benefits: a combination of qualitative and quantitative factors should 
be used.
The list of factors suggested by the authors was intended as a checklist of considerations 
rather than a procedure to follow. This recognises the overlap in some areas (for example 
between stakeholders and sustainable development social considerations).
Guidance produced by CIRIA (2004) expands on some of the ideas presented by Bardos 
et al. (2002). The CIRIA guide includes four main sections, introduction, viable 
remediation, motives and goals and a selection procedure. The selection procedure is a 
systematic framework for assessing and selecting remediation options. Figure TD7.1 
below shows an overview of the approach. In this approach the appraisal of options is 
dependent on the goals for the remediation. A risk based remediation strategy may focus 
on the pollutant linkages of concern as a priority; a non risk based approach may give 
greater weight to other factors in the decision making process. After an initial screening 
phase to identify potential remediation technologies, a detailed analysis of the each option 
and the parameters relevant to the site is carried out to find the best matching technology 
and may include a quantitative assessment of other factors such as waste produced or 
energy consumed. From this a remediation strategy can be developed.
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Risk-Driven Non Risk-Driven
Non Risk-DrivenRisk-Driven
Yes Yes
NoNo
Part IIA only
No No
Yes Yes
Review available data
Establish broad objectives
Risk assessment
Remediation
Required
Dealing with liabilities
Good environmental practice
Identify combination of options
Develop strategy and action it
Estimate costs
Establish technical and 
practical constraints
Unacceptable risk 
requiring remedial action
Emergency response to 
spillage of materials
Land containing radioactive 
substances (unlicensed)
Is cost reasonable? (BPT 
assessment)
Regulatory requirements, e.g. 
Part IIA, planning
Is cost/benefit reasonable (BPEO 
assessment)
Screen to shortlist options for 
each contaminant
Screen to shortlist options for 
each pollutant linkage
Select feasible options for each 
pollutant linkage
Select feasible options for each 
contaminant
Confirm option s (pilot testing 
etc)
Decide whether a combination of 
options is needed to treat all 
pollutant linkages
Decide w hether a combination of 
options is needed to treat all 
contaminants
Commercial requirement, e.g. 
condition of sale
Regulatory action, e.g. nuclear 
licensed site subject to waste 
licensing
Figure TD7.1 CIRIA approach for remediation selection (CIRIA, 2004 p21)
Tam and Byer, (2002) present a methodology for evaluating remediation options from the 
perspective of the land owner. In contrast to many other methods, this approach 
considers the options of land use development and the potential liabilities for clean up to 
conduct a cost benefit analysis. The potential gain from the developed land is offset 
against the cost of remediation and possible liabilities. The uncertainty in contamination 
and possible liabilities on and off site are considered using a sensitivity analysis to build 
up a probability function for the possible scenarios. This is then factored into the potential 
cost/ benefit to the land owner.
TD6 includes a review of software packages and approaches for the management of 
contaminated land. Included in this are some tools used to support the selection of an
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appropriate remediation method for dealing with contaminated land. These include; 
Assessment Benefits Costs (ABC) Tool for a cost benefit analysis of options (Maring.ef 
al., 2003), Risk reduction, Environmental performance and Cost (REC) Framework which 
is a multi-objective decision support methodology (van Drunen et al., 2005) and 
Remediation Options Carbon Calculator (ROCC) for assessing carbon impacts from 
remediation technologies produced by Atkins Global (2008).
There are a range of approaches to selecting remediation methods for a site, although 
some common themes do re-appear; such as the identification of management, technical, 
environmental and social objectives for the process. Once these criteria have been 
established the method of comparing available technologies becomes clearer. The 
decision tools available are aids in this process but a site specific approach is essential. 
The inclusion of a carbon calculator reflects the increased awareness of the 
environmental impact of the remedial activities. The output of the remediation selection 
process is a remedial strategy described below.
TD7.3.4 Remediation Strategy
TD2 includes review of current best practice and guidance related to contaminated land 
risk assessment and remediation. The specific aspects that are relevant to the 
construction phase of a development on Brownfield land are:
Site investigation design which forms the basis of the contaminated land risk 
assessment and estimations of the severity and extent of contaminated land 
that requires remediation. Guidance in this area will also apply to the validation 
testing required after remediation is complete to confirm that the site meets the 
environmental criteria set out.
Guidance values produced by risk assessment methodologies that can be used 
to establish remediation targets for the site.
The key piece of guidance available is CLR11 (Defra, 2004b) which includes a details on 
the options appraisal stage for the selection of appropriate remediation technologies and 
implementation of the remediation strategy. The latter includes approval and validation 
processes (Defra, 2004b). The remediation strategy for the site, in the case of 
development projects, will need to be approved by the local authority as part of the 
planning procedure. This plan will also need to be followed up with a validation report of 
some kind to demonstrate that the remediation has been successful and detail of any 
long-term monitoring required. Many local authorities will have guidance available on the 
contents of these documents (e.g. YAHPAC, 2009). The importance of a straightforward 
legislative regime was emphasised in the EIC 2008 Industry Survey when respondents 
suggested that 20 per cent of the costs and time of Brownfield development could be 
saved through regulatory improvements, without affecting environmental protection (EIC, 
2008).
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TD7.4 Controls on Remedial Activities
It should be noted that the act of remediation is regulated to ensure that no further 
pollution of the environment is caused by the activity. In addition to a remediation strategy 
planning permission the actual remediation activity is controlled through the environmental 
permitting system (unless the activity falls under a specified exemption) administered by 
the Environment Agency in the UK. This is discussed in more detail in TD1. In the cases 
where water abstraction or discharge may be required for the remediation technique, 
regulation specific to these activities will apply: Water resources Act 1991, Water Industry 
Act 1991 Water Act 2003 and Groundwater Regulations to name the most prominent.
In the process of remediation it is not only the environment that requires protection from 
further harm, human health must also be considered during the remediation activity. The 
specific receptors to consider are the construction workers, as well as the general public 
and surrounding neighbours to the site. The Health and Safety Executive has issued a 
document to address this issue: “the protection of workers and general public during the 
development of contaminated land' (HSE, 1991).
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TD7.5 Summary
It is not unreasonable for a landowner to not take action to remediate contaminated land 
until they are either required to by law, or can achieve some personal gain from their 
actions. This has been recognised by government through the introduction of stringent 
legislation requiring remedial action (i.e. Part IIA) and targets for the use of Brownfield 
land for future developments. The controls put on the industry to complete this in a 
sustainable manner (e.g. landfill tax aimed to reduce ‘dig and dump’) show a strong desire 
to protect the environment from the spread of harm from contaminated land.
The methods by which remediation is undertaken have changed over the last decade, 
with a move away from ‘dig and dump’ and a progression towards more process based 
technologies. The guidance available for these techniques highlights the more 
established methods, for example bio-remediation with limited attention on alternative 
technologies. Understandably, industry is reluctant to embrace new technologies without 
guarantees for the effectiveness of the techniques. As such the main barrier to the 
implementation of new technologies appears to be in the acceptance of liability for 
success of remediation.
There are a range of approaches to selecting remediation methods for a site, although 
some common themes do re-appear; such as the identification of management, technical, 
environmental and social objectives for the process. Once these criteria have been 
established the method of comparing available technologies becomes clearer. The 
decision tools available are aids in this process but a site specific approach is essential. 
The inclusion of a carbon calculator reflects the increased awareness of the 
environmental impact of the remedial activities.
In terms of future developments/the introduction of hub centres is clearly a step in the 
right direction for supporting the smaller sites where onsite remediation may not be 
physically possible or financially viable. In these cases the hubs can offer an alternative 
for landfill, however there are still the legislative hurdles associated with the definition of 
waste and when material ceases to be waste. The developments in contaminated land 
remediation guidance for more sustainable technologies and selection processes is 
another positive development.
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Paper
Contaminated Land Risk Assessment: Variability in 
site assessment and decision making in the UK”
CONTAMINATED LAND RISK ASSESSMENT:
VARIABILITY IN SITE ASSESSMENT AND 
DECISION MAKING IN THE UK
Miss N  Cropp*1,2), Dr E Hellawell*2* , Dr L  Elghali *2) and D r A  Banks *2)
1. Tony Gee and Partners
2. University of Surrey
Corresponding Author: Miss N Cropp, email: natalie.cropp @ tonvgee.com
Abstract
Judgement forms an integral part of a risk based approach to the assessment of land affected 
by contamination. Legislation and guidance suggest that the assessor should use a rational 
step-wise process to indentify pollutant linkages in order to assess risk from land 
contamination. The present study aims to investigate the decision making processes that are 
used by experienced contaminated land assessors. This study required 29 participants with a 
minimum of 5 years relevant experience to rate the level of risk from land contamination on 
27 hypothetical housing development sites. Each site was designed with specific information 
(variables) used as indicators of the potential for unacceptable risk. Linear regression 
analysis was used to identify the significance of each of the variables in determining the level 
of risk assessed by participants. The first of the key findings was that considerable 
disagreement was observed between participants, which correlated to cases with contradictory 
information. This may have also been related to the participant’s perception of the available 
risk scale. The linear regression analysis showed that the most influential variables were 
chemical test data and the presence of human exposure pathways. These findings would 
suggest that experienced assessors focus on a few key aspects of the information available to
assess risk from land contamination. However, analysis of the qualitative data collected in the 
study supported a more holistic decision making process, in line with use of pollutant linkages 
described in guidance. The results suggest that when presented with limited data for 
development sites, assessors may rely on a few variables to rate the risk, but that a coherent 
picture of the interaction of all of the variables is required for a more confident assessment. 
The findings of the study presented here can be used to inform training and future guidance in 
this sector.
Keywords: Contaminated Land, Decision Making
1. Introduction
Assessment of risk from land contamination is a key part of Brownfield development in the 
UK. With regard to the relevant legislation, there are some regional variations across the UK. 
For the purpose of this paper the following section is focussed on the relevant legislation in 
England. However, this should not distract from the broader investigation into decision 
making processes that is not limited to the legal context of the study. In England, legislation 
requires an assessment of the risk from contamination on development sites through the 
planning regime (ODPM, 2004), and Part IIA  of the Environmental Protection Act 1990 
(referred to as Part IIA ) for sites that are identified as potentially contaminated under their 
current use (DEFRA 2006). Although theses two regimes are separate, there is an interaction 
between them (HPA, 2008). As a minimum the planning regime requires that once a 
development is complete with a new land use, that the site could not be classed as 
“contaminated land” under Part IIA  (ODPM, 2004). Part IIA  defines the concept of a 
“source-pathway-receptor” pollutant linkage as the basis for risk assessment (DEFRA 2006). 
In guidance the process of identifying pollutant linkages has been broken down into steps 
(DETR 2000). Firstly, to establish whether or not all three elements exist on a site 
(contaminant source, pathway and receptor) and secondly, the assessor must be satisfied that 
there is a ‘pollutant linkage’, and that the pollutant linkage is currently causing, or is likely to 
cause significant harm. The definition of contaminated land also refers to a site being
“suitable for use” (DEFRA 2006). Phrases such as this require further guidance to quantify 
exactly what level of contamination would be acceptable, and perhaps more challenging, what 
level would be unacceptable within the legislative definition.
The risk assessment process for land affected by contamination requires judgement to decide 
whether a “significant” pollutant linkage is possible (DEFRA 2006). To address the need for 
clarity in the definition of “contaminated land” and the process by which land affected by 
contamination can be assessed, a wealth of documentation has been produced describing the 
current best practice (e.g. CIRIA 2001, Nathanail et al. 2002, Defra and EA 2004a, NHBC et 
al. 2008 and Defra 2008). One key approach repeated throughout the guidance is the use of 
the Conceptual Site Model (CSM) to identify the contamination source, receptors that may be 
affected by it, and possible pathways linking them (Defra and EA 2004a). In general, the 
guidance available provides a rational step-wise procedure for this type of site assessment. 
The question is whether experienced industry practitioners still apply this same process when 
using their experience to make decisions about risk.
The information available to the assessor to carry out an assessment of risk from land 
contamination will include a series of reports, which describe the information known about 
the site. This information may include, but not be limited to; site history, surrounding land 
uses, site users, geology, hydro-geology, and site investigation data including chemical test 
results. By virtue of the commercial context in which this information is collected, especially 
for development sites, there are inevitable gaps and uncertainties in the information. 
Therefore assessors must use judgement informed by their own expertise and experience to 
make allowances for these gaps. The assessment of the level of risk from contamination on 
the site will then inform the recommendations made for managing that risk. The process of 
risk assessment and risk management may be considered as separate stages but are clearly 
interlinked (Hester and Harrison 1998, Vegter 2001, Defra 2000). The risk management 
process may be influenced by additional, non technical factors including the preferences of
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the site owner /  developer, regulators and the budget available. This study is focussed on the 
risk assessment process.
The aim of this study was to explore how experienced professionals in the contaminated land 
industry make assessments about risk when given limited data. The application of methods 
used in Judgement Analysis from the field of Psychology offers an approach to this type of 
study (Cooksey 1996). By recording the risk assessments made by the participants on a series 
of hypothetical development case sites, each with designed variables, it is possible to assess 
the decision making process used and the relative importance of different variables in the 
decision. The purpose of this study was to investigate how practitioners currently make 
decisions about risk, rather than seeking to optimise the process or improve current practice.
As noted above, the land use is an influential factor on the risk assessment; for a development 
site the developer is responsible for ensuring that the site will be “safe and suitable for use” 
(ODPM 2004). Brownfield land is being increasingly used for development in England, in 
part, as a reaction to the government target for 200,000 new homes to be built per year by 
2016 (HM Treasury 2007), 60% of which are to be located on Previously Developed Land 
(PDL) (ODPM 2003). At the time of the study the private housing market was very buoyant, 
generating more private housing developments. Despite the recent down turn in this market 
the government targets remain and reflect the more general need for housing. Within the 
planning regime, the assessment of land contamination is a “material concern” (i.e. must be 
considered) for any future developments, housing or otherwise (ODPM 2004). The 
combination of government drivers for housing, the increased use of previously developed 
land for new homes and the planning requirement for assessment of land contamination 
demonstrates a need for assessment of land affected by contamination. Hence, this study 
focused on the assessment of contaminated sites, where the land would be developed for 
housing.
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Demands for the use of Brownfield land for housing, and other uses, is driving the need for 
more contaminated land risk assessments. However, the industry has reportedly been 
suffering from a skills shortage. ASC and English Partnerships (2008) state that insufficient 
experienced practitioners are available to meet future demand for Brownfield development. 
The UK skills shortage occupation list (Migration Advisory Committee, 2008) lists a number 
of engineering disciplines that are suffering from skills shortages. These occupations include; 
contaminated land engineer, contaminated land specialist, and geoenvironmentalist. The 
Academy for Sustainable Communities (ASC) and English Partnerships (2008) identified a 
potential shortfall of 75% of the required workforce to meet government targets for 
development. The ASC study also identified “a severe shortage of practitioners with 
adequate skills in predictive risk assessment”. Although the current economic downturn may 
have reduced the skills shortage in the short term, this issue is likely to re-emerge as the 
housing market recovers. In the interim, there is still a need for housing in the UK (ODPM 
2005) and a requirement to use Brownfield land that may be affected by contamination. To 
address this need, the contaminated land industry is required to deliver competent 
professionals to carry out risk assessments. A better understanding of how experienced 
practitioners approach risk assessment could influence future training and guidance and 
support the development of contaminated land professionals.
2. Method
The aim of this study was to identify how the experienced practitioners in the industry make 
decisions on risk from land affected by contamination. The context for the assessment was 
housing developments. The following research questions were addressed in this study;
1. How well do experienced contaminated land assessors agree with one another 
when presented with limited information about a site?
2. What pieces of information about a site, if any, dominate the risk assessment 
process? And can the process be described using decision making theory?
The method used for the study was based on a standard approach for judgement analysis used 
in other contexts, for example magistrates’ judgements on bailing (Dhami and Ayton 2001). 
The general methods are described by Cooksey (1996). Participants in the present study were 
presented with a casebook containing 27 hypothetical housing development case sites. Each 
case site was designed to have specific features, or variables, that acted as indicators of 
possible risk from contamination. The combinations of variables and the number of case sites 
were set through orthogonal design to ensure independence of variables between cases. 
When performing statistical analysis, variables are said to be orthogonal if they are 
uncorrelated. For example, soil chemical test data and human exposure pathways are two 
variables that differ between cases, when analysed across the whole set of 27 cases this pair of 
cues are not correlated with each other; e.g. high soil test data would not always be associated 
with the presence of a human exposure pathway. In the orthogonal design, this is true for all 
possible pairs of variables, thus allowing valid statistical analysis of the relative importance of 
variables based on participant responses. The participants were asked to evaluate the level of 
risk for each site and to answer general questions on the approach they had used. Each 
casebook contained the following;
- Cover letter and participant consent form (separate sheets) (see Appendix);
- Instructions (see Appendix);
- 27 case sites that included case data and case specific questions. Cases were 
presented in a random order, different for each casebook;
- Overview questions;
- Participant questionnaire for profiling participant background and experience;
- Appendix: A3 copies of soil chemical test data tables and copy of the Brownfield 
Skills Strategy Pledge of Action.
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2.1 Casebook Design
A list of variables used in assessment of risk from land affected by contamination was 
identified using three approaches; reviewing guidance, reviewing the typical elements 
reported in actual contaminated land assessment reports for housing developments and 
conducting interviews with practicing assessors. Ten key variables were identified:
1) Site History;
2) Surrounding land use (as an indicator of contamination source and possible 
receptors);
3) Groundwater;
4) Ecology;
5) Surface water;
6) Soil chemical test data;
7) Water chemical test data;
8) Gas monitoring results;
9) Potential for fluid pathway (gas and water);
10) Potential for human exposure pathway.
These key variables include each of the three elements of the source-pathway-receptor 
linkage that underpins the legal definition of contaminated land under Part IIA  (Defra 2006) 
which applies as a minimum standard to be achieved for land that is to be developed (ODPM 
2004). Within each of the case descriptions supplied in the casebook each key variable was 
represented although the list of variables was not explicitly given to the participants in the 
study.
Each variable could be set to be either a high, moderate or low risk indicator. The term risk 
indicator is used as each variable is considered to be a component of the risk from 
contamination; either a source of contamination, vulnerability of receptor or presence of a 
pathway. Each components contribution to the overall assessed risk has been varied
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independently. As noted above, the combinations of these variables followed an orthogonal 
design such that there was no co-dependency of the variables between the 27 cases used. The 
inclusion of qualitative questions allowed for participants to record any expected patterns in 
the data that were omitted as a result of the independance of the variables used in the case 
design. This approach is standard for judgement analysis (Cooksey 1996) and without 
separating the variables in this way it would not be possible to analyse the results as required. 
For the purpose of setting up the variables used in the cases the terms high, moderate and low 
risk indicators were defined as follows:
o High risk indicator- a variable that is almost certainly an indicator or risk; i.e. 
a source that is well above industry guidelines, a pathway that is clearly 
present or a vulnerable receptor that is clearly present;
o Moderate risk indicator -  a variable that maybe an indicator of risk; i.e. a 
source that is close to industry guidelines, a pathway that is possibly viable, 
or a receptor that is close to but not on site;
o Low risk indicator -  a variable that is clearly not an indicator or risk; i.e. a 
source that is well below industry guidelines, a clear lack of pathway or 
obvious barrier to contamination or a clear lack of sensitive receptors.
Participants were not explicitly told of the risk indicator levels of each variable given to them 
in each case nor were they given the above definitions. In all cases a housing context was 
selected, hence a human receptor was set as a constant through the cases. Table 1 gives 
examples of the representation of the risk indicator levels used for specific variables.
Variable
Risk
Indicator
Level
Rule applied for describing 
variable in case text
References /  Checks
Site History
High
Polluting land use: Gas works, filled 
pits (dating to the 1930s, i.e. before 
regulatory controls such as Waste 
Management Licensing Regulations 
1994)
Made ground: Average 2.5m thick (up 
to 8m with pits)
DoE Industry Profile 
(DoE 1995)
Reference site reports 
provided by Enviros
Moderate
Brick works, car show room 
Made ground: Average 2.5m thick
Low
Residential only / green fields 
Made ground: Average 1.5m thick
Surface water 
Sensitivity
High 50m to River GQA Grade B
R&D 66 Annex 2 
(NHBC et al. 2008)
Surface Waters (River 
Ecosystem) 
(Classification) 
Regulations 1994 and 
EA Water Quality 
Grades (EA 2008)
Reference site reports 
provided by Enviros
Moderate 500m from site river R&D 66 Annex 2 
(NHBC et.al. 2008)
Low
No surface water courses within 1km of 
the site
9
Variable
Risk
Indicator
Level
Rule applied for describing 
variable in case text
References /  Checks
Soil
contamination 
(test data)1
High
Elevated -  based on DoE for gas works, 
landfill
DoE profile 
contaminants 
(summarised in R&D 66 
(NHBC et al. 2008))
Compared to UK SGVs 
(Defra and EA 2002a-g, 
2004b-c, 2005)1 and 
Dutch levels (RIVM 
2001) where no SGVs 
available, to set up 
chemical test data only.
Location and elevation 
plotted and checked with 
land use
Moderate
75% of elevated levels use for High 
scenario; leading to some contaminants 
above, some close to and some below 
soil guideline values
Low All below residential guideline values
Potential for 
human 
exposure 
pathway
High Residential future land use with gardens
SGV land uses (Defra 
and EA 2002a-g, 2004b- 
c, 2005)1
Moderate Proposed low rise flats with landscaping
Low
Proposed low rise flats, car parking and 
limited landscaping
Notes:
1. The contamination data was based on the UK Soil Guideline Values that were valid at the time of the 
study.
Table 1 Example of Variable Ratings (not explicitly defined in the case books)
2.2 Presentation of Case Data
Contaminated land assessment reports for actual housing developments were reviewed to 
establish the typical information presented. The presentation of the data was loosely based on 
an executive summary for a contaminated land assessment report. This was chosen over a 
diagrammatic or tabular conceptual site model to allow participants freedom to use the 
information as they wanted without the constraints of the format in which it was supplied. 
The format for each case included a description of the variables for that case, a schematic site 
plan and simplified borehole log to show the succession of materials at the site. Figure 1 
shows a typical case description page from the casebooks sent to participants. For each 
medium with chemical test data (soil, water and gas) three tables were developed; one high 
risk indicator, one moderate and one low. The tables presented with each case were selected 
from the 9 available tables based on the variable combination required for that case. Again, 
the risk indicator levels were not explicitly given to participants.
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Case 2
Case 2: Proposed low-rise residential flats with landscaping
The site is 2.0 hectares in size and part of a former gas works in operation from 1870 
-  1990. The buildings were demolished in late 1990s and the site has been vacant 
since.
The surrounding land uses comprise industrial park to the east, south and west; 
formerly industrial land (land uses include car workshops and showrooms and a 
petrol station). To the north of the site is part of the former gas works, beyond which 
are open fields. A designated ecological SSSI is located 500m from the northern 
site boundary, adjacent to ‘River B’, classified as under EA General Quality 
Assessment (GQA) Scheme as grade B (chemical and biological).
The site is underlain by a major aquifer and falls within an Inner Source Protection 
Zone.
The ground conditions of the site are summarised in Figure 2.1 below; Made Ground 
(clayey material including demolition rubble) underlain by clay and chalk. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 25m. Contamination test data, including gas 
monitoring results are attached. Table 1b: soil test data, Table 2a: gas monitoring 
results, Table 3b: water test results.
Figure 2.1 : Site plan and indicative borehole log
Industrial
Made Ground 
Ave. 2.5 m thick
Perched water 
Ave. 2.0 m bgl
Clay
Ave. 8 m thick
Water strike 
Ave. 15m bgl
Key
Chalk
(major aquifer) j j ]  Trial pit
Window 
0  sample hole
Site
boundary
Investigation point
sample data not Industrial Park
reported
m bgl = meters below 
ground level
Direction of 
topographical 
fall across site
Industrial Park Open Fields
Figure 1 Example Case Description Page
Tables 2, 3 and 4 show examples of the chemical test data supplied. In all cases the 
contaminants listed did not change, and the concentrations observed were modified to 
represent the different indicator levels for the variables taking into account the site history.
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Test Point WSA WSB w s c WSD WSE
Strata Sampled
Made
ground
Made
ground
Natural Natural Natural
CONTAMINANT
Units
Detection
L im it
PH p H  Units - 6.8 7.0 7.2
1
Arsenic mg/l 1 41 11 21
Boron mg/l 10 375 578 285
Cadmium mg/l 0.4 <0.4 <0.4 <0.4
Chromium mg/l 1 16 24 17
Copper mg/l 1 8 56 75
Lead mg/l 1 62 38 49
Nickel mg/l 1 12 8 17
Selenium mg/l 1 <1 <1 <1
Vanadium mg/l 1 13 9 4
Zinc mg/l 1 16 12 24
Mercury mg/l 0.05 0.06 0.075 <0.05
PAH (Total) mg/l 0.01 188 139 165
Sulphate mg/l 3 296 218 234
Chrloride mg/l 10 42 58 56
Ammoniacal 
Nitrogen as HH4- 
N mg A 0.2 0.3 0.6 0.7
Table 2 Example Water Monitoring Data
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Test Point WSA WSB w s c WSD WSE
Flow Rate 
(1/h)
6.5
7.2
2.1
4.2 1.2
Pressure 
(mb) range 
over 3 
visits
997 - 1015 997 - 1015 997 -1015 997 - 1015 997 - 1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 10.1 2.1 6.6 8.7 15.0
Carbon 
Dioxide * 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection 
limit 0.1% V/V
Table 3 Example Gas Monitoring Data
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Tqbte 1c: Soil Contamination Test Data 
For use with cases: 3, 7, 9 ,11,15 ,17, 21,23, 24
Table 4 Example Soil Chemical Data
2.3 Questions asked of Participants
For each case participants were asked the following questions;
1. How would you rate the overall potential risk from contamination of this site; High 
Risk, Moderate Risk or Low Risk?
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (on a scale of 1 to 5 from very uncertain 
to very certain)?
4. If any, what additional comments would you like to make about your assessment of 
this site?
In the initial instructions the participants were encouraged to make notes throughout the 
casebook to capture any additional information about the thought process they had followed.
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The final section of the casebook involved some general overview questions to capture any 
additional comments the participant may have had on the process as a whole. The questions 
asked were;
1. Please list any key information you feel was missing from the data supplied for the 
sites.
2. Was there any information supplied that you didn’t require? If  so what was it?
3. For sites that are considered high risk, what additional information would you require 
to make recommendations for remediation?
4. Approximately how long did the study take to complete?
The first two overview questions were designed to act as a measure of success of the 
casebook to supply sufficient information for a basic assessment. They were also used to 
identify what else the participant would like to have had to improve certainty in the decision. 
The third question was included to find out what the participants would need to be able to 
take action to address a contaminated site (i.e. risk management). The final question was 
used to gain a measure of how quickly the experts could make a decision about risk.
2.4 Trial Casebook
Prior to distribution of the casebooks to the full list of participants a trial book was given to an 
experienced contaminated land assessor to complete. The focus of the trial was to ensure that 
the instructions were clear and that the study was feasible.
2.5 Participant Identification
The aim of the study was to identify the process by which experienced practitioners made 
decisions on the level of risk from contamination. The participants targeted for the study 
were required to have sufficient experience in contaminated land assessment such that the 
assessment of risk is an every day activity. The available group of people that could 
participate in the study was limited, by virtue of the fact that the most experienced people
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working within an industry are also likely to have the most pressures on their time. For this 
reason there was no set minimum years experience required of participants, however 
participant profiles were captured in the casebooks and are discussed in the results below.
The SiLC qualification was used as a benchmark for skilled participants. SiLC qualified 
professionals are expected to have a “High level of competency in investigating and assessing 
contaminated land” (SiLC 2009) and are also expected to have an awareness of their own 
skills gaps. On this basis an element of self selection was felt to be sufficient to ensure that 
the SiLC registered participants were competent in contaminated land risk assessment and 
had a significant amount of experience in conducting such assessments.
Three approaches were used to recruit participants. SiLC Registered Assessors (SiLC 2009) 
were contacted directly. General advertisements for participants were circulated through the 
Industry email forum JlSCmail: Contaminated Land Strategies (open to all members of the 
contaminated land community) and a notice in a Contaminated Land: Applications In Real 
Environments (CLiAIRE) Bulletin. Finally, some respondents to the above recommended 
colleagues that they considered appropriate for the study.
3. Results
3.1 Participant Profile
The casebooks included a brief set of questions about the participants. The participants had a 
minimum of 5 years experience in contaminated land risk assessment (participants with less 
than this were excluded from the results) and an average (arithmetic mean) of 15.4 years. 
Participants were predominantly from the private sector (77%). In terms of the positions held 
in companies 50% classified themselves as Senior Management, 27% were Engineers /  
Specialist Consultants and 23% were Public Sector Environmental Officers. Of the 29 
participants, 11 were SiLC Registered and of these 3 were also assessors for the SiLC 
register.
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Using the SiLC registered participants as a benchmark for participant skill, a comparison of 
SiLC to non-SiLC participants was conducted using the student t-test. This showed that these 
two groups were not significantly different (t(27) = 1.04, p = 0.30), therefore the two groups 
were combined and analysed together.
3.2 Research Question 1: How well do experienced contaminated land assessors agree 
with one another when presented with limited information about a site?
For each participant the risk rating given for each case was recorded and coded. Notable 
disagreement was observed on a number of cases. For example in Case 6, 47% of 
participants rated the site as moderate risk, the reminder were split evenly between a low risk 
and high risk ratings. In other cases there was much clearer agreement, such as Case 15, 93% 
of participants rated the case low risk and the remainder moderate risk. These illustrate the 
extremes of agreement between participants. It was noted that in 20 out of the 27 cases the 
risk ratings were dominated (i.e. 90% of participants) by a single rating (high or low risk), or 
by a combination of moderate and low, or moderate and high.
Two main aspects were considered as explanations for expert disagreement:
Uncertainty in the data;
Perception of the risk scale.
The competence of the assessors is not being assessed and as the SiLC and non-SiLC groups 
are so similar that competence was not considered to contribute to disagreement. To try to 
understand the cause of the uncertainty the responses to the case specific questions were 
considered. It was noted that participants made comments relating to uncertainty in their 
assessment or noting conflicting information in the case. One example of conflicting data 
would be where soil chemical test data was very low, but water chemical test data was very 
high. The comments made by participants were that if there was not contamination in the 
soil, how was the groundwater contaminated? In some cases assumptions about an individual
case were made by the assessor and noted. The three types of comment considered as 
indicators of uncertainty in the assessment:
Requests for more information;
Comment on conflicting information;
Comment on an assumption made.
To assess the uncertainty in the data, the average certainty rating given by the experts for each 
case was compared to the standard deviation of expert risk rating for that case, taking the 
standard deviation for a case as a measure of agreement. The cases were then split, the half 
with the highest standard deviations had an average of 25.9 comments per case and the half 
with the lower standard deviations had an average of 22.6 comments per case. Although the 
split in this way did not show a large difference, the conflicting information comments were 
double for the higher standard deviation cases (average of 8 comments per case) compared to 
the lower (average of 4 comments per case). To investigate the perception of the risk scale, 
each casebook was assessed separately. The risk ratings for each case given by the individual 
participant for a particular casebook were compared to the overall mean risk ratings for each 
case. Figure 2 shows two extreme example casebooks, each completed by a separate 
participant and compared to the mean risk rating. Casebook A completed by one participant, 
was rated to be consistently lower risk than the mean risk rating and Casebook B completed 
by another participant, was rated to be consistently above the mean risk rating. This 
indicates a difference in the perception or tolerance of the risk scale risk between these two 
participants. The sample size for the study prevented a meaningful analysis of subgroups 
within the sample set, and so it was not possible to investigate links between participant 
background and risk ratings. This may offer a potential future study to investigate the 
influence of background on decision making. It was noted that the variations were not 
consistent with either public or private sector participants, i.e. neither public nor private sector 
participants were not consistently above or below average.
Figure 2 Risk Perceptions for Two Example Casebooks
3.3 Research Question 2: What pieces of information about a site, if any, dominate the 
risk assessment process? And can the process be described using decision making 
theory?
To assess whether any individual variables were significant in the assessment of risk a 
comparison of the risk indicator levels allocated to each variable were compared to the mean 
expert risk ratings for each case. Figure 3 illustrates the correlation of the risk indicator of 
individual variables with the mean risk rating across all cases.
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Figure 3: Significance of Individual Variables
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Two variables stand out as significant indicators of risk:
i. Soil contamination levels:
ii. Gas monitoring results.
A third variable could be considered important: human exposure pathway
Figure 3 also shows the grouped variables. The average risk indicator level for the variables 
when grouped as sources, pathways and receptors has been compared to the mean risk scores 
given by the participants. It can be seen that the average source indicator level has a stronger 
correlation with the mean risk rating than any individual variable. This would indicate that 
there is some combination of information being applied by assessors.
The influence of each variable on the risk rating was also evaluated using a theory of decision 
making known as the Lens Model (Hammond and Stewart 2001, Brunswick 1995), which 
suggests that when faced with a complex set of information, the variables are weighted and 
combined to allow a decision to be made. The model uses an equation to give a weighted 
sum of the independent variables to predict the decision outcome (in this case an assigned 
level of risk).
Risk = X(Pi x Variable) + c Equation 1 
Where;
(3 = the standardised coefficients that weight the influence of each variable, 
c = constant
The p coefficients have been calculated for each variable using a statistical programme; SPSS 
(SPSS). A more positive value relates to a greater influence on risk. The dominant variables 
in the model can be seen to be soil chemical test data and gas monitoring results. Variables of 
secondary importance are groundwater sensitivity, human exposure pathway and water
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contamination data. Table 5 below gives an example calculation for Equation 1. In this model 
the variables from the actual site are interpreted, weighted and combined by the assessor to 
give a risk score for a case site.
Variable
Risk Indicator 
Level1
Beta, p Variable x P
Site History 1 0.054 0.054
Surrounding Land Use2 
Source = 2 
Receptor = 2
6 0.030 0.18
Ground Water 1 0.100 0.1
Ecology 3 -0.029 -0.087
Surface Water 2 0.048 0.096
Soil contamination 
(test data)
1 0.339 0.339
Water contamination 
(test data)
3 0.096 0.288
Gas monitoring results 3 0.211 0.633
Fluid pathway 1 0.018 0.018
Human exposure pathway 2 0.161 0.322
Constant -0.100
Total Risk Rating (Equation 5.1)
1.843 
Moderate Risk
Notes:
1. Risk indicator level coded such that high risk indicator = 3, moderate = 2 and low = 1
2. Eight possible combinations of surrounding land use as source and receptor risk 
indicators were defined and used as a variable in case design rather than splitting 
surrounding land use into source and receptor variables in the design.
3. The p weights above were applied to the variable combination for each case to get a 
predicted risk score for that case.
Table 5 Lens Model Example Calculation for Case 3
The above calculation was repeated for each case and the resulting risk scores were compared 
with the average risk scores given by the participants. The R2 correlation between the average 
expert and the Lens Model was calculated as 0.82. This value has not been corrected for the 
sample size. When modified for sample size the correlation calculated is 0.68 (SPSS). This 
shows a much better fit to the data then the comparisons of single variables, or even averaged 
groups of variables.
4. Discussion
The aim of the study was to investigate how experienced assessors make decisions about the 
level of risk from contamination. This aim has been addressed by considering two aspects; 
the agreement between assessors and an analysis of the decision making methods used by 
participants (i.e. dominance of variables and fitting to theory of decision making).
Disagreement was seen between experts. The observed disagreement may have been due to 
the design of the study itself. The information supplied in the study, whilst limited, did cover 
all of the key variables required for an assessment. The requested additional information was 
predominantly related to more detail of the variables supplied, rather than additional variables 
that had been omitted. It has been seen that there is greater disagreement in cases where the 
information does not conform to expected patterns, as represented in participant comments. 
The orthogonal design of the variable combinations was required for the analysis of dominant 
variables, and follows a standard approach for this type of research (Cooksey, 1996). It is 
accepted that this process does step away from ‘real’ site information; however in this study 
the comments recorded highlight the variable connections that may be taken for granted in 
normal site assessment. Existing studies into expertise, have noted pattern recognition as one
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of the key skills that comes with experience (Klein 1999). The additional skills discussed by 
Klein (1999) are only obtained through experience and are difficult to train explicitly. The 
findings in the present study could be used to aid the training process by exposing a novice to 
sites with expected and anomalous combinations of variables to highlight some of the 
inherent patterns that experts look for. Further investigation into the application of decision 
making theories to the responses from this study has been carried out and the results are 
reported in a second paper (Cropp N et al., submitted 2010).
Another factor considered as a possible contributor to the discrepancy was the perception of 
the risk scale made available to the experts. In some casebooks the expert consistently rated 
the sites higher, or lower than average. It seems likely that those participants had a different 
interpretation on the meaning of high, moderate or low risk. No definition on the meaning of 
the risk scale was supplied to the participants in this study as the area of risk perception is 
complex and to fully explore a reasonable definition of scale a separate study would have 
been required. A very prescriptive set of instructions on how to rate risk was considered 
inappropriate given the aim of this study was simply to observe how experienced assessors 
make decisions without attempting to influence them. At the time of the study an explicit 
interpretation of risk levels had not been published. This is now included in the NHBC 
Guidance for housing development on Brownfield land (NHBC et al. 2008). The 
consequence of differing interpretations of risk may be most notable in communication of risk 
between assessors. No clear link could be found between public or private sector participants 
and consistent high or low risk ratings. The sample size was not sufficient to investigate 
participant backgrounds in any more detail
Turning to the second research question and accepting that there is some disagreement 
between experts, the mean expert response was used as a basis for assessing whether any 
specific variables were more significant than others. The three most significant variables were 
the soil test data, gas test data and human exposure pathway. The average source variable 
indicator rating correlated better with the average expert than any single source variable,
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suggesting some kind of combination of variables underpins the risk assessment. The strong 
correlation of the source data with the risk scores is consistent with legislative definitions of 
contaminated land that is based on source-pathway-receptor link. Without a source of 
contamination there cannot be any risk from it. If  there was a high source of contamination, 
but no obvious pathway, it is possible that an assessor would consider there to be some 
residual risk. The variables that did not appear to have a strong influence on the risk 
assessment process included; water test data, site history, surrounding sources of 
contamination, fluid pathway and non-human receptors. The assessment of the correlation 
between the frequency of comment of a variable in the case specific open questions, and the 
variable risk rating do however indicate that some of these variables are considered. In 
particular, the receptor variables do seem to be commented on more frequently as their risk 
indicator rating increases. The guidance would suggest that all these factors should play an 
equally important role in the assessment of risk and the legal definition of contaminated land 
is not limited to the risk to human health. The fitting of the data to the Lens Model as a 
theory of decision making that involves combining variables, supported the above findings. 
The Lens Model is dominated by the soil test data and the gas monitoring data. The human 
exposure pathway, water contamination test data and the groundwater vulnerability are also 
significant contributors to the total risk score. The data fitted well to the model, suggesting 
that a weighted combination of variables is used in the decision making process. The model 
included source, pathway and receptor variables as significant contributors to the total risk 
score.
5. Conclusions
The process by which land is assessed for contamination is risk based and requires a level of 
judgement to interpret the available information. The aim of this study was to identify how 
experienced practitioners in the industry evaluate the level of risk posed from land affected by 
contamination in the context of a housing development. This study has shown that the 
experienced assessor can make a decision about risk with very limited data. There is an
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apparent dominance of a few variables as shown in the assessment of individual variables and 
the Lens Model, specifically chemical test data (soil and gas) and human exposure pathways. 
The additional information collected from qualitative data suggests that the risk assessment is 
supported by a wider understanding of the site processes. This supports the CSM approach 
advocated in guidance. For some of the cases where there was conflicting information, 
independence of the variables required for the study had lead to an abnormal pattern in the 
information available to the assessor. The disagreement and comment on these cases suggests 
that the participants were looking for patterns and familiar combinations of data in the 
information supplied that would allow them to make a quick decision on the site. The ability 
to recognise familiar scenarios comes from experience.
Whilst there is demand for assessment of risks from land contamination, the sector has 
reportedly been suffering from a skills shortage (ASC and English Partnerships 2008). 
Training and guidance for new practitioners in the industry is essential for the continuation of 
reliable assessments of risks from land contamination. The results of this study indicate that 
experienced contaminated land assessors may use a different decision making process from 
the stepwise approach suggested in guidance. The findings of this study and the range of 
cases in the casebooks themselves can be used to support experience based development of 
industry professionals through future training and guidance.
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Participant
Address
Dear Participant,
Thank you for agreeing to participate in this study into expert judgment in contaminated land 
risk assessment. The enclosed booklet contains detailed instructions and all of the 
information required for the study.
I would like to take this opportunity to emphasize that the cases included in this study are 
fictitious. Although loosely based on real sites, they have been significantly modified to meet 
the needs of the research. Please also note that responses received will be used for 
research purposes only and all responses will analysed anonymously. Full details of the 
terms of participation can be found in the attached consent form. Please read and sign this 
form before completing the study.
The deadline for response is Monday 8th September 2008. If you anticipate a problem with 
this time frame please contact me.
Please return the completed booklet and signed consent form in the stamped addressed 
envelope provided.
If you have any questions regarding the nature of the study, or the instructions for 
participation please feel free to contact me by email (n.cropp@surrev.ac.uk) or phone (DD 
01372 461600).
Once again thank you for agreeing to take part in this study and I look forward to receiving 
your completed casebook.
Kind Regards,
Natalie Cropp
4K UNIVERSITY OF
SURREY
‘Expert Judgement’ Study
The aim of this study is to improve understanding of the judgments made by 
experts in contaminated land risk assessments with a view developing 
guidance and training. The main interest for this study is the decision 
making process rather than the validity of the risk assessment.
The sites included in this casebook have been developed from real sites. 
However, the contamination data and the site details have been significantly 
modified to meet the needs of the study.
Instructions to Participants
This casebook contains the following:
- Portfolio of 27 UK based sites for assessment
- Risk estimation forms for each site
- Overview questions
The context for the assessments is that these sites are possible investments 
for a house builder. You are asked to rate the level of risk from contamination 
at each site based on the information provided.
The focus of the study is the process by which decisions are made on risk 
associated with contaminated land. As such you are encouraged to make 
hand written notes and comments on the case sheets and tables of data 
provided.
Each site is supplied with a sample of contamination data. You will notice that 
these tables are repeated for different sites, e.g. the same groundwater 
results have been used for more than one site. This simplification is 
deliberate and is designed to help you to complete the study in a reasonable 
time frame.
There are:
- 3 different tables of soil chemical test results (Tables 1 a to 1 c)
- 3 different tables of gas monitoring data (Tables 2a to 2c)
- 3 different tables of groundwater chemical test results (Tables 3a to 3c)
The appropriate tables are supplied with each case for completeness. A 
separate A3 version of the soil chemical test result tables has also been 
supplied for convenience.
Please view each site independently and base your assessment on the 
information provided for that site. A first impression of the potential for risk 
from contamination is all that is required; to this end the information supplied 
for each site has been reduced to a bare minimum to give an impression of 
the key issues.
Please assess the cases in the order in which they appear in this booklet.
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The final section of this booklet is a brief overview questionnaire designed to 
capture any general comments you may have on the information supplied and 
the process you have been through.
Time Frame
Please take as long or as a short a time as you like for the study. We expect 
it to take around 3 hours to complete. However it is not necessary to 
complete the whole study in one sitting.
The deadline for returning the study is XXX. A stamped addressed envelope 
has been supplied for you to return the casebook. If you have any problems 
with this deadline please contact me to discuss (details below).
Please ensure you include a signed consent form with your returned 
casebook. This will be kept separate from your completed casebook but is 
required for us to be able to use your assessments in the study.
Completion checklist
Please ensure the following items have been completed before returning 
this casebook.
1. Signed consent form
2. Completed risk evaluation sheet for all sites.
3. Completed overview questionnaire
Questions
Should you have any questions during the process please contact Natalie 
Cropp (Research Engineer) at XXX@XXX.XXX or by phone XXXX XXXXXX.
Thank you for your time!
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Natalie Cropp
From: Rupert Hough [r.hough@macaulay.ac.uk]
Sent: 09 March 2010 11:23
To: Natalie Cropp
Subject: RE: {Disarmed} RE: Re: Land Contamination & Reclamation 
Dear Natalie
I  am happy to inform you that we can now accept your paper for publication in Land Contamination & 
Reclamation.
Your paper has now been sent to our publishers (EPP Publications) who will be in touch with you in due 
course. As papers are processed in batches that relate to specific issues of the journal, it may be several 
weeks before you hear from them.
If  you have any further questions, just let me know.
Best wishes 
Rupert
Dr. Rupert Hough 
Editor
Land Contamination & Reclamation 
The Macaulay Institute 
Craigiebuckier 
Aberdeen AB15 8QH
Tel:- +44(0)1224395000 
Direct:- +44(0)1224395338  
Mobile:- +44(0)7791 097162
» >  "Natalie Cropp" < Natalie.Cropp@tonygee.com> 05/03/2010 11:41 > > >
Dear Rupert,
Thank you for all of your feedback and comments on this paper.
I have now got all of the final ok's from co-authors and have attached the final edit of my paper along with 
the Appendix documents.
If  you need another copy of the tables, figures or appendix in any other format then please just let me know 
and I will send something over.
Kind Regards,
Natalie
From: Natalie Cropp 
Sent: 23 February 2010 12:27 
To: 'Rupert Hough'
Subject: RE: {Disarmed} RE: Re: Land Contamination & Reclamation
Sorry Rupert, I  must have knocked the send button when I  was drafting the message on my laptop.
It  was the start of thank you for the reply and an email with my final paper. Im just checking the title and 
referencing for my other submitted paper with the co-anthers and will then send the final paper with
18/03/2010
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Paper
“ E x p e r t  D e c i s i o n  M a k i n g  i n  C o m p l e x  E n g i n e e r i n g  
E n v i r o n m e n t s :  A  C o m p a r i s o n  o f  T h e  L e n s  M o d e l ,  
E x p l a n a t o r y  C o h e r e n c e ,  a n d  M a t c h i n g  H e u r i s t i c s ”
Expert decision making in complex engineering environments
R U N N IN G  H E A D : Expert decision making in complex engineering environments
E xp e rt D ecis ion  M a k in g  in  a Com plex E ng ineering  E nvironm ent: A  
C om parison o f The Lens M odel, E xp lana to ry Coherence, and M a tch ing
H euris tics
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Expert decision making in complex engineering environments
Abstract
This study investigated the complex decisions made by engineers when conducting contaminated 
land risk assessments. Experienced assessors studied summaries o f site reports, which were 
comprised o f different combinations o f relevant cues and decided on the risk level o f each site. 
Models from three theories o f decision making were compared. Applying judgment analysis to 
develop a Lens model provided the best account o f the data, lending support to social judgment 
theory. A  model based on a Fast and Frugal heuristic, the Matching Heuristic, did not fit the data 
as well; nor did a coherence model based on the Theory o f Explanatory Coherence. Comparison 
with decisions generated using industry guidance only showed a moderate fit, suggesting that the 
standard procedure does not accurately represent how experts make assessments in this context. 
Qualitative analyses o f comments made by participants suggested a combined approach was used 
that applied key cues as predicted by social judgement theory, integrated into a meaningful, 
coherent account, as predicted by the Theory o f Explanatory Coherence. Overall, these findings 
suggest a novel process in which a range o f information is combined to form a coherent 
explanation o f the data, but in which key cues are more influential than others.
Keywords:, Decision Making, Naturalistic Decision Making, Expert performance
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In troduction
Decision making about complex scenarios is a common problem faced by professional decision 
makers. Y et despite the incomplete, ambiguous information that is typical in these naturalistic 
settings, experts have often been shown to make good decisions (e.g. Klein, 1998). However, the 
process by which such decisions are made requires further investigation.
A  number o f suggestions have been made. For example, social judgement theory suggests that 
cues are weighted and combined to form a judgement (Brunswik, 1952). Gigerenzer and 
Goldstein (1996) suggest that very litde information is used, but that fast and frugal heuristics use 
the key information so that simple yet accurate decisions are made. In  contrast, theories such as 
Pennington and Hashes’ Story M odel (1986) and Thagard’s Explanatory Coherence (1989) 
explain how a range o f conflicting and ambiguous information is integrated to find the most 
coherent account. Each o f these theories has some supporting evidence, but much o f this work 
has either drawn upon participants who were not experts in the decision domain (e.g. Pennington 
&  Hastie, 1992) or where the information provided about the decision was sparse rather than rich 
(e.g. Dham i &  Ayton, 2001; MacCormick &  Parry, 2006). W hilst this research is informative, it is 
not certain whether the conclusions w ill generalise to situations in which experts make decisions 
about more complex scenarios. The aim o f the present study was to discover how experts make 
decisions using complex, uncertain information. In  particular, the three approaches mentioned 
above are compared to find out which provides the best account o f decisions made by expert 
assessors about contaminated land risk.
The Decision Context
This paper w ill investigate how decisions are made by engineers about the risk from  
contamination on “Brownfield” land that is being developed. Brownfield land is defined as, “ land, 
which is or was occupied by permanent structure”  (O D P M , 2000). Redeveloping Brownfield land is an 
objective o f the U K  government and so decisions about these sites have become increasingly 
important. W hilst there is not an inherent link with contaminated land as defined in legislation, 
Brownfield land may be affected by contamination. Contaminated land is defined, legally, based 
on the presence o f “pollutant linkages”, where a pathway is present that connects a source o f 
contamination and a receptor that can be affected by it (Department for Environment, Food and 
Rural Affairs (Defra), 2006)). For example, consider a house to be built on a former industrial site. 
Chemicals from former land uses could still be present in the soil (source) and may be taken up by 
vegetables planted in the future gardens (pathway) and consumed by residents (receptor) affecting 
their health in the long term. To make a decision about the risk from contamination on a site 
professionals use reports which describe the site in terms of: site history, geology, hydrogeology, 
and site investigation data including chemical test results. The commercial context in which data 
are collected imposes time and budget restrictions on investigations and leads to inevitable gaps 
and uncertainties. Therefore professionals must use judgement to make decisions about risk 
based on complex and incomplete information, informed by their own expertise. A  more detailed 
account o f the decision context is included in a second paper on this study that reports the 
technical findings for contaminated land assessors (Cropp et al., 2010).
Application o f Decision M aking Models
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The aim o f this paper is to compare three models from different theories o f decision making. An  
approach to analyzing decision making in applied domains which has been used successfully for 
many years is social judgement theory. This uses Brunswik’s Lens model to capture the cues used 
in forming a judgment and their relative weights, more recently through judgment analysis 
methods (Cooksey, 1996). This approach has been used to analyze decisions in a number o f 
domains including medicine (Wigton, 1988), education (Heald, 1991) and the military (Rothrock 
&  K irlik, 2003). In  these studies a number o f cases are assessed by decision makers and their 
judgments recorded. Each case is comprised o f a number o f key cues. Multiple regression is often 
used to infer which cues are significant in the forming the judgment and the weightings o f these 
cues. These Lens models have been found to be useful both theoretically and practically 
(Cooksey, 1996).
Despite these successes, the approach has not been without criticism. In  particular, the 
frequent use o f regression models implies that cues are weighted optimally and the method o f 
combining them is compensatory. This is a complex computation however, humans have lim ited 
cognitive capacity and, as such, often rely on simpler strategies for decision making (Simon, 1956). 
Gigerenzer and colleagues have developed an approach to decision making which is more 
compatible with these limitations (e.g. Gigerenzer &  Goldstein, 1996). They argue that decisions 
are based on ‘fast and frugal’ heuristics where less information is used effectively in decision 
making. Fast and Frugal models use the minimum number o f cues possible to come to a 
decision., example models o f this approach include Matching Heuristics and Fast and Frugal 
Trees (for an example application o f Fast and Frugal Trees see Keller et al. (2010)). The particular 
model applied to the decision context o f this study is the Matching Heuristic (Dham i, 2003). This 
model proposes that the most important cue is taken first and checked for its ability to provide a 
solution. I f  a decision cannot be reached then the next best cue is used, and so on. This heuristic 
has been compared w ith regression models and has been shown to be a better description o f 
magistrates’ decisions (Dham i &  Ayton, 2001) and equally good for describing General 
Practitioners’ decisions to prescribe medication to a patient (Smith &  Gilhooly, 2006). Therefore 
the fast and frugal approach has been shown to explain experts’ decision making well. As with 
the Lens Model, Fast and Frugal Heuristics have also been shown to have limitations. For 
example, this heuristic w ill work well i f  there is a sharp decrease in the validity from one cue to 
the next because the best cue w ill overshadow all subsequent ones and so they can be ignored 
without problems. I f  the validity o f the cues is more similar, however, the best cue on its own 
may not outweigh other cues and so failing to consider these other cues may not be an effective 
strategy.
W hilst fast and frugal heuristics reduce complexity by emphasising attention to a small 
amount o f information, other theories propose the opposite. They suggest that all o f this 
complex, ambiguous information is integrated into the most coherent account possible. One such 
theory is the Story Model (Pennington and Hastie, 1986; 1992). This assumes that the decision 
maker starts the decision process by creating a casual model to explain the available facts. For 
example, jurors incorporate evidence from  the trial w ith some general knowledge to form  a story 
about the events in question. The most coherent story is favoured, and the decision about the 
guilt o f the accused follows from the version o f events developed in the story. The Story M odel is 
not the only decision theory that considers the coherence o f the information to be significant. 
Holyoak and Simon (1999) demonstrate that arguments about a decision shift so that they cohere
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over the course o f the decision making process. Thagard’s Theory o f Explanatory Coherence 
(TEC ) outlines a similar idea (e.g. Thagard, 1989; Thagard, 1992). This theory is realized as a 
computational model called E C H O  (Explanatory Coherence by Harmany (sic) Optimization). 
This is a constraint satisfaction network which embodies the principles o f TE C . Essentially, all o f 
the propositions in the decision (cues and decision options) are represented as nodes within a 
connectionist network. Where two nodes cohere (i.e. a supporting relationship), an excitatory link 
is placed between them. Where they incohere (i.e. a contradicting relationship), an inhibitory link 
is placed between them. Nodes that provide evidence, that is cues in the decision process, begin 
with an activation o f one. O ther nodes begin with an activation o f zero. When the model is run 
activation spreads throughout the network and it settles into a state where the activation o f the 
nodes is stable, given the excitatory and inhibitory links. This has been used to model juror 
decision making (Byrne, 1995) and investment fund managers (McAndrew, Gore, &  Banks, 2009), 
providing evidence for the sufficiency o f this account o f decision making.
Table 1 below summarises the decision models used in this paper.
T ab le  1 M odel Comparison
D ecision M odel M a in  Features
Lens M odel (Brunswick, 1952)
Weighted combination o f available cues. Lens M odel 
Equation used.
Range o f conflicting and ambiguous inform ation combined to 
form most coherent account. Computational model used; 
E C H O  (Explanatory Coherence by Harm ony (sic) 
Optim ization) a constraint satisfaction network form  o f 
connectionist model.
A  model based on Fast and Frugal Heuristics (Gigerenzer, 
1996). A  satisficing approach where only most significant cues 
are used, the most important cue is taken first and checked for 
its ability to provide a solution. I f  a decision cannot be 
reached then the next best cue is used, and so on.
Finally, how are these decisions supposed to be made? Guidance is provided by the National 
House Builders Council (N H B C ) Guide for Developing Housing on Contaminated Land (N H B C  
and E A , 2008). The guidance advocates the use o f a conceptual site model to identify the 
possible sources, pathways and receptors on a site as a precursor to assessing the pollutant 
linkages between them. This conceptual model requires a review o f all available inform ation  
including land uses and site investigation data. Additional support is given to assessing the 
vulnerability o f the site and receptors to contamination. The allocation o f a risk rating is based on 
a matrix o f probability o f a pollutant linkage and the consequence o f the linkage. Before action is 
taken to mitigate any risks, the guidance suggests a cost/benefit approach be taken to selecting 
between precautionary remedial action and further investigation that may alter the risk rating.
Matching Heuristic (Dhami, 
2003)
Theory o f Explanatory 
Coherence (TEC ) (Thagard, 
1989)
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The document aims to give some practical support, but the uniqueness o f each site means that 
judgment is still required in applying the recommendations. The guidance has some benefits, but 
how well does it map onto the decision processes o f the assessors? To answer this question we 
must discover what the decision process is. The three theories o f decision making described 
above are strikingly different both in terms o f how much information is used and the process o f 
using it. The N H B C  guidance emphasizes the construction o f a pollutant linkage and so maps 
most closely onto the coherence accounts where much information is integrated into an 
explanation. However, i f  it transpires that this is not the best depiction o f expert decision making 
in this context, then the guidance may confuse rather than support decision making. There is 
considerable applied benefit in understanding the decision process in order that guidance can be 
adapted to it.
There is a growing body o f work in Naturalistic Decision Making (N D M ) emphasizing the 
significance o f expertise o f decision makers and the dramatic effect that this has on their decision 
processes. This research also emphasizes the impact that the decision context has on the decision 
process. In  many applied situations key information is uncertain, ambiguous and incomplete and 
the context time pressured, so decision studies should investigate these factors (Orasanu &  
Connolly, 1993). This research is concerned with the decision processes o f experts using 
information that is complex, ambiguous and incomplete. It  is recognised that unlike other 
decision contexts considered by N D M  researchers the time pressure is less significant for 
contaminated land assessments, however the commercial context means that there is a lim it on 
the time and resources available for making a decision. W hilst N D M  research has led to some 
interesting theories o f decision making, in particular Recognition-Primed Decision Making (Klein, 
1998), the main methodological approach used has been based on interviews and task analyses. 
These have enabled a rich development o f a theory, but they do not allow for direct, quantitative 
comparison between rigorously defined theories. These comparisons are useful in discriminating 
between accounts, leading to theoretical progress. This research aims to test the selected models 
o f decision making by instantiating them in computational and mathematical models which w ill be 
compared quantitatively. The models applied w ill be a Lens model derived from Social Judgment 
Theory (SJT), the Matching Heuristic, an appropriate fast and frugal heuristic, and the E C H O  
model, which is an implementation o f the Theory o f Explanatory Coherence. As SJT has been 
used widely to model decision making using the Lens model, this theory provides an im portant 
benchmark for comparison w ith newer theories. SJT has been challenged by fast and frugal 
models, some o f which are claimed to provide better descriptions o f the decision process (e.g. 
Dham i &  Ayton, 2001). However, the studies o f fast and frugal heuristics present the decision 
cues and their values in a simple, de-contextualised fashion. This inform ation is not rich, complex 
and ambiguous as it would be in a naturalistic environment. H ow  w ill fast and frugal models 
perform when decision information is presented in a more realistic fashion where decision makers 
must first make sense o f the data? I f  these contextual factors are important, then the model may 
fare differently. Finally, the coherence accounts are most similar to the N H B C  guidance. They 
offer a natural method for integrating the ambiguous information that is characteristic o f many 
applied decisions. Several similar theories o f coherence have been mentioned above, but the 
Theory o f Explanatory Coherence w ill be tested here because it has a relatively straightforward 
computational framework instantiated in the E C H O  model. The novel contribution o f this 
research is therefore to test decision making in the complex situations typically studied by N D M
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researchers, but developing computational and mathematical accounts o f those decisions in order 
that they may be tested more rigorously. These three theories, along with the N H B C  guidance, 
w ill then be directly compared for the first time to establish the best account o f expert decision 
making about complex scenarios.
Overview o f the Study
The study required contaminated land professionals to review 27 hypothetical case sites and rate 
each one in terms o f the potential risk from contamination. Each case contained 10 cues 
presented in a format reflective o f industry produced risk assessment reports. In  addition to the 
risk rating, the participants were also asked to rate how confident they were about the decision. 
Qualitative data was collected informally through notes made by participants on the cases, and 
more formally through case specific and general open questions. The responses collected were 
compared to three theories o f decision making as well as the industry guidance.
M ethod
Participants
Thirty participants took part in the study. The arithmetic mean experience o f all participants was 
15 years, and standard deviation was 7.9 years. The majority o f the participants were from the 
private sector and the characterised job titles were; Senior Management (50% ), Engineer /  
Specialist (27%). The remainder o f participants (23%) were Environmental Officers from the 
public sector. O f the 30 participants approximately half (45%) possessed the professional 
Specialist in Land Condition (SiLC) qualification. The qualification can be applied for after 7 
years experience in the industry, requires applicants to be chartered w ith a professional institution 
and then pass an exam and interview process.
The definition o f expertise was not prescribed in this study. Participants were approached 
through direct contact o f those registered with SiLC qualifications, industry specific email forum, 
and general advertisement in industry press. N o  minimum requirement o f years experience was 
enforced although 7 years was suggested as a guide based on the requirements for the SiLC 
qualification. It  was then left to the applicants to decide whether they sufficiently qualified and 
experienced to take part.
The SiLC registered participants were used as a benchmark for participant skill, the expertise o f 
the group as a whole was then checked by comparison o f SiLC to non-SiLC participants using the 
student t-test. This showed that these two groups were not significantly different (t(28) =  1.44, p 
=  0.16), therefore it was concluded that the non-SiLC participants were not significantly different 
to the SiLC participants and the groups could be combined for analysis.
N o  time lim it was imposed on the study. This was to allow participants to take as long or short a 
time as they wanted or could spare, and to avoid artificial time restrictions affecting the decisions 
made. O f the 30 participants, 29 reported the amount o f time they spent completing the study, 
the mean time was 4 hours 25 minutes in total with a standard deviation o f 1 hour 40 mins and 
the range o f reported times was 2 to 8 hours. Some participants also noted that they had 
completed the study over a number o f sittings.
Materials
The study required contaminated land professionals to review 27 hypothetical case sites. Each 
case contained ten cues that were selected based on industry guidance, expert interviews and 
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review o f contaminated land assessment reports. Each cue was set to be high, moderate, or low  
risk indicators, although this information was not explicitly given to the participants. The  
definitions o f high, moderate and low risk indicators were based on industry guidance. The cues 
used in assessment o f risk from land affected by contamination was identified using three 
approaches; reviewing guidance, reviewing the typical elements reported in actual contaminated 
land assessment reports for housing developments and conducting interviews with practicing 
assessors. The cues identified and used in the study were: site history; surrounding land use (as an 
indicator o f contamination source and possible receptors); groundwater vulnerability (based on 
proximity to groundwater abstraction wells); ecology vulnerability (based on proximity to 
protected site o f interest); surface water vulnerability (based on proximity to surface water and 
river quality); soil chemical test data; water chemical test data; gas monitoring results; potential for 
fluid pathway (gas and water); and the potential for human pathway.
A n orthogonal design o f the cases was generated to ensure independence o f the cues from  
one another. Twenty-seven sets o f cue combination were required to achieve this. The 
systematic design o f cue combinations was chosen to permit clear analysis o f dominant cues. To  
ensure the orthogonal design o f cue combinations did not lead to implausible cases, the cue 
combinations were then reviewed by an experienced contaminated land assessor. This review was 
also to ensure that the cases were presented the required information in a realistic way. Three o f 
the cue combinations were altered to prevent implausible combinations by omitting or changing 
one cue for each case whilst maintaining independence o f the cue combinations. Each o f the 27 
cue combinations were developed into a housing development case for participants to assess.
Procedure
Contaminated land assessment reports for actual housing developments were reviewed to 
establish the typical information presented. Each case was then presented in a manner which 
reflected the typical reporting style o f an executive summary for such reports. The majority o f 
cues were described qualitatively in a case summary. The cues that related to numeric data were 
presented in tables o f chemical test results set to represent the risk indicator level required. A  
schematic graphical representation o f each case site was supplied illustrating a plan o f the site and 
the succession o f materials beneath the site. Appendix A  includes an example case.
For each case, participants were asked the following questions:
•  H ow  would you rate the overall potential risk from contamination o f this site; H igh Risk, 
Moderate Risk or Low  Risk?
•  I f  any, what do you feel are the significant linkages o f concern?
•  H ow  certain do you feel o f this assessment (on a scale o f 1 to 5 from  very uncertain to 
very certain)?
•  I f  any, what additional comments would you like to make about your assessment o f this 
site?
The order o f the cases within each casebook was varied randomly for each participant. In  the 
initial instructions the participants were encouraged to make notes throughout the casebook to 
capture any additional information about the thought process they had followed.
The final section o f the casebook involved some general overview questions to capture any 
additional comments the participant may have had on the process as a whole. The questions 
asked were:
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•  Please list any key inform ation you feel was missing from the data supplied for the sites.
•  Was there any information supplied that you didn’t require? I f  so what was it?
•  For sites that are considered high risk, what additional information would you require to
make recommendations for remediation?
•  Approximately how long did the study take to complete?
Prior to distribution o f the casebooks to the full list o f participants, a pilot casebook was given to 
an experienced contaminated land assessor to complete. The focus o f the pilot was to ensure that 
the instructions were clear and that the study was feasible to complete in reasonable time frame.
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Results
In  the following section we present the results o f goodness o f fit o f three models o f decision 
making: a Lens Model; the Matching Heuristic; and an E C H O  model. W e also compare the risk 
assessments made by expert participants to industry guidance. In  all cases the mean o f the 
participant responses was used.
One feature o f the Lens model is that regression weights are calculated from the data, and 
there is a risk o f over-fitting w ith ten cues and twenty-seven cases. Therefore he model was cross­
validated in order to discover the extent o f any shrinkage (i.e. reductions in decision accuracy as a 
result o f overfitting). Lim ited or no shrinkage would indicate that the regression model was a valid 
predictor o f the decision despite this ratio o f cues to cases. To assess this effect the sample group 
was split in half to create a group for fitting the data (fitting group) and a group to test the how  
well the models can be generalised (generalizing group) (Field, 2009). Odd number participants 
were used as a fitting group and the regression weights were calculated from these data. The fit o f 
this regression model was then compared to the even number participants who formed the 
generalizing group. A  similar strategy was used to establish the best fitting cues for the Matching 
Heuristic. The story model and guidance comparisons did not require model fitting and so a 
simple comparison was carried out for the fitting and generalizing groups as well as the combined 
sample set.
Lens Model
The Lens model is based on the following equation to give a weighted sum o f the cues to predict 
the dependant variable (in this case risk).
Risk =  m  X  C lie i )  +  C Equation 1
Where:
(3 =  the un-standardised coefficients that weight the influence o f each cue. 
c =  constant derived from  multiple regression analysis
M ultiple regression analysis using the mean risk rating o f the fitting group as the dependant 
variable was carried out to determine the (3 coefficients for each cue and constant, c. Table 2 
below gives the weightings and significance calculated for each cue.
The (3 weights were applied to the cue combination for each case to get a predicted risk score for 
that case. These were then compared to the average expert response o f the fitting group and the 
generalization group. The R2 for the fitting group was 0.77 and the generalization group was 0.74. 
The most significant cues in the model are soil contamination, gas monitoring results and human 
pathway. O ther cues approaching significance are water chemical test data and combined 
surrounding land use cues.
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T ab le  2 Lens M odel Weightings
Cue
Standardised 
Beta W eight, (3
t Significance
Site History 0.030 0.249 0.807
Surrounding Land Use 
(combined source /  
receptor)
0.245 2.042 0.058
Groundwater vulnerability 0.191 1.592 0.131
Ecology vulnerability -0.038 -0.319 0.754
Surface water vulnerability 0.043 0.361 0.723
Soil chemical test data 0.534 4.447 0.001
W ater chemical test data 0.229 1.910 0.074
Gas monitoring results 0.408 3.399 0.003
Fluid pathway 0.024 0.199 0.845
Human pathway 0.406 3.383 0.004
Matching Heuristic
The basis for the Matching Heuristic approach is illustrated in the example cue combination in  
Figure 1. The Matching Heuristic approach is based on dichotomous cues being assessed in  
series. This approach was adapted for the present study that used trichotomous cues. The basis 
for the simplification was that if  the cue o f concern was clearly a low  risk indicator, then the site 
could be classified as such, but i f  not then the next cue was required to make the decision. This 
dichotomous choice was applied to the two most significant cues. I f  a case had not been 
classified by the first two cues then the case was classified as low, moderate or high risk based on 
the final cue in the series, as shown in Figure 1 below.
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Figure 1. Matching Heuristic Model
/  CUE 1: N
SOIL TEST DATA 
sRISK IDICATOa/
Moderate / High
/ C U E  2: GAS 
MONITORING DATA 
"SPISK ID IC A T O l/
Moderate / High
CUE 3 
HUMAN PATHWAY 
ISK IDICATO
High
LOW RISK 
SITE
MODERATE 
RISK SITE
HIGH RISK 
SITE
Note: The above application of the Matching Heuristic was also carried out where high 
risk indicator was the deciding factor rather than low risk indicator (i.e. decision options 
for Cue 1 and Cue 2 were either; High which determines the site as High Risk, or 
Moderate /  Low and the next cue was used).
The order of the best available cues was calculated by correlating each cue with the mean expert 
responses. The higher correlation suggests better ability of the cue to predict expert decisions. 
Several models were created using the Matching Heuristic with different numbers of cues. Table 3 
shows the fit of these models to the fitting group. The best fitting model was found using 3 cues 
in series and includes soil chemical test data, gas monitoring results and human pathway cues. 
The 3 cue combination was then compared to the generalizing group.
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T ab le  3 Correlation o f Matching Heuristic w ith increasing number o f cues
N u m b er o f cues used
F ittin g  
Group (R 2)
G eneralizing  
Group (R 2)
Single cue 
(Soil chemical test data)
0.29 -
Tw o cues
0.28
(Gas monitoring results added)
Three cues
0.34a 0.41
(Human pathway added)
Four cues
0.26
(Water chemical test data added)
a. Matching Heuristic using high risk indicator as the deciding factor gave R2 for the fitting 
group o f 0.32.
E C H O  Model
A  model was constructed for each case using E C H O . The evidence input to the model was the 
cues, and the alternate hypotheses were low, moderate or high risk outcomes. Each cue (item o f 
evidence) was connected to, and thus supporting, the most appropriate risk (hypothesis) based on 
the risk indicator level for that cue. Contradicting links between items o f evidence or hypotheses 
were also modelled. Contradiction lines were included between high and low risk hypotheses 
only, no supporting or contradicting connections were added between cues. Supporting links 
between moderate and high risk and moderate and low risk hypotheses were included to represent 
that the pairs are not contradictory; i.e. it is not inconceivable that one expert may assesses a site 
as low risk and another assess the same site to be moderate risk. Figure 2 below is an example o f 
a case. Here the site land use was a high risk indicator and was linked to the high risk hypothesis, 
the soil test data was a moderate risk indicator and was linked to the moderate risk hypothesis, 
similarly the water chemical test data was a low risk indicator in the design and was linked to the 
low risk hypothesis, and so on for all cues.
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Figure 2: Example Case set up from the E C H O  Model
Moderate
R isk
Low Risk High Risk
Gas Test Data
Water Test 
Data
Human
Pathway
Groundwater
Vulnerability
Fluid Pathway
Ecology
Vulnerability
Surface Water 
Vulnerability
Surrounding 
Land Use Site History
Soil Test Data
KEY ( Hypothesis )  ................  Contradict
Explain
Evidence
The E C H O  model output is based on the activation o f each hypothesis (i.e. high, moderate or 
low risk) after the network has settled into a stable state. To  convert this to a predicted risk rating 
a weighted average o f the activation levels was taken based on Equation 2 below:
n
_  2 > « *«
x  =  — ----------
” , Equation 2
2 > .
i=l
For example, in Case 13 the activation level for low risk was 3.4, moderate risk 6.0 and high risk 
8.4. The risk ratings were coded from 1 (low risk) to 3 (high risk). The weighted average risk 
score for this case was:
-  (3.4xl.0 + 6.0x2.0 + 8.4x3.0)
*  = -----------3.4 +~6.0 + 84--------------=  2 '3
The predicted risk scores for each case could then be compared to the fitting and generalization 
groups o f participants. As the fitting group was not required to generate the risk scores in this 
model a comparison o f the average risk score from all participants was also made. The R2 for the 
fitting group was 0.43, the generalization group was 0.45 and the correlation w ith all participants 
was 0.46.
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Industry Guidance
The specific guidance selected for this comparison was the National House Builders Council 
(N H B C ) Guide for Developing Housing on Contaminated Land (N H B C  and E A , 2008). It  was 
assumed that the risk indicators o f high, moderate or low for chemical test data (soil, water and 
gas) were interpreted as intended by assessors. The recommendations in the guidance were 
applied to determine a risk rating for each site independently by two assessors, the correlation 
between them, r, was 0.60. As the fitting group was not required to generate the risk scores in 
this model a comparison o f the average risk score from  all participants was also made. The R2 for 
the fitting group was 0.51, the generalizing group was 0.41 and the correlation with all participants 
was 0.49.
Qualitative Data
Content analysis o f the comments made relating to specific pollutant linkages was carried out to 
assess the specific cues used by participants. In  each case the participant was asked to comment 
on the pollutant linkages o f concern. These were coded and the frequency o f comment for each 
cue summed. The frequencies were then correlated with the risk indicator level set for the cue in 
that case. These results are presented in Table 4. For most cues, but not all, the level o f risk was 
positively associated w ith the number o f comments, indicating that important cues were referred 
to more frequently. The frequencies show that a comparatively small number o f cues were often 
identified as important. The four most frequent — soil chemical test data, gas monitoring results, 
water chemical test data and human pathway — were also four o f the five cues identified as the 
most highly weighted within the Lens model. This provides further support for the finding that a 
small number o f key cues are particularly influential in the decisions made.
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T  able 4 Frequency o f Cue Related Comment and R  w ith Cue Risk Indicator Rating
Correlation (r) o f
M ean N u m b er o f C om m ent
Cue Com m ents per Frequency w ith
P articipant Cue R isk In d icato r 
Level
Site History 2 0.401*
Surrounding Land Use
(combined source / 2 -0.266
receptor)
Groundwater
vulnerability
8 0.717**
Ecology vulnerability 3 0.697**
Surface water 
vulnerability
6 0.772**
Soil chemical test data 15 0.850**
W ater chemical test data 9 0.764**
Gas monitoring results 12 0.971**
Fluid pathway 7 -0.267
Human pathway 9 -0.054
*p<0.05, two-tailed; **p<0.001, two-tailed.
In  addition to the risk rating, participants were asked to rate their certainty in the assessment and 
were given the opportunity to comment on this. The arithmetic mean certainty rating was 3.5 out 
o f 5.0 across all participants, w ith a standard deviation o f 0.9. Three typical comments were 
noted as indicators o f uncertainty:
Requests for more information to make a judgment about risk
Comment on conflicting information such as high water chemical test data but low soil 
test results
Comment on an assumption made
The frequency o f these comments was counted and it was found that a mean o f 22 comments per 
participant were made relating to uncertainty, including 5 comments per participant relating to 
conflicting data. This indicates that the participants were not considering cues in isolation, they 
were aware when particular combinations o f cues were less likely. For example, a case in which 
the site history was low risk because there were no previous industrial buildings on the site, yet 
the soil chemical test data indicated a high risk raised some questions. Where did the chemicals 
come from i f  there was no history o f pollution on the site? These cues were not simply added to 
form a judgement. The participants sought an explanation o f the pattern o f cues which was 
meaningful. They were less certain when such an account was not possible because the cues
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conflicted. This supports the Theory o f Explanatory Coherence which predicts that participants 
w ill seek a coherent explanation o f the cues and their relations.
Summary
Table 5 summarises the results for each o f the models described above.
T ab le  5 Summary o f Results
M odel
F ittin g  
Group (R 2)
G eneralization  
Group (R 2)
A ll
Participants
(R 2)
Lens Model 0.77 0.74 -
E C H O  M odel2 0.43 0.45 0.46
Matching
Heuristic
0.34b 0.41 -
Guidance2 0.51 0.41 0.49
a. E C H O  model and guidance comparisons did not require model fitting as risk 
levels were determined by the cue combinations and the guidance definitions o f 
risk respectively.
The best fitting model was the Lens model, accounting for a high proportion o f variance in both 
the fitting sample and in the generalizing sample. The dominant cues identified were soil chemical 
data, gas monitoring results, and human pathways. The water chemical test data and combined 
surrounding land use cues approached significance. Corroborating this finding, four o f these five 
cues were frequently identified as important in the content analysis o f open ended comments 
made by participants about each case. The fast and frugal model based on the Matching Heuristic 
and the E C H O  model based on the Theory o f Explanatory Coherence fitted the data less well. 
The decisions based on formal guidance also did not fit the data well. Content analysis o f the 
comments made by participants indicated that they sought a meaningful explanation o f the 
pattern o f cues, rather than considering them independently.
Discussion
The quantitative results o f this study have shown that o f the three models, the Lens M odel 
provides the best fit to expert decision making in the context o f contaminated land risk 
assessment. The E C H O  model and the decisions based on the formal guidance have shown a 
similar level o f fit, and the Matching Heuristic was slightly worse. The qualitative data showed 
that certain cues are considered more frequently by decision makers, supporting the Social 
Judgment Theory account, but also suggested that participants sought to form  a consistent, 
meaningful account o f the site as a whole, supporting the Theory o f Explanatory Coherence. 
Hence the quantitative and qualitative data do not fully align.
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Judgment analysis used to formulate the Lens Model identified three key cues that dominated 
the risk assessment, and two further cues that approached significance. Interestingly, these cues 
mapped onto the legal definition o f contaminated land. This definition requires source, pathway 
and receptor elements (O P D M , 2000) for there to be risk from contamination. In  the study, the 
soil and gas sources o f contamination and the human pathway were identified as significant cues. 
As the study was based on housing developments the presence o f a human receptor was constant. 
There was also a correspondence between the Lens M odel and the qualitative analysis o f the 
comments made — four cues were repeatedly referred to that had been identified as key in the 
Lens model.
The E C H O  model did not provide as good a fit to the data as the Lens model. This suggests 
that the Theory o f Explanatory Coherence does not provide a good account o f complex decisions 
in this case. However, although the coherence model did not fit quantitative data well, the 
qualitative data did seem to support this approach. Participants frequently referred to conflicting 
information in the cases, sought more information and made assumptions when the relationships 
between cues did not fit w ith expected patterns. It  appears that participants did seek to form  
meaningful, coherent explanations o f the causal relationships between the elements o f each case. 
This story building, explanation-based approach is similar to that suggested by Pennington and 
Hastie (1986,1992) in studies o f juror decisions.
The model based on the Matching Heuristic did not offer a good fit to the data. Martignon 
and Hoffrage (1999) suggest that simple heuristics perform best in environments that fit w ith 
their non compensatory structure, that have scarce inform ation, whereas environments w ith  
abundant information tend to favour other models (Dawe’s Rule). The decisions in the present 
study involved a relatively large amount o f information (and more was requested by participants), 
and, as shown by qualitative data and the goodness o f fit o f the Lens Model, do not fit w ith a 
non-compensatory decision method. An alternate model was developed that modified the 
Matching Heuristic shown in Figure 1, to permit compensatory decision making between the first 
two cues that were both related to the source o f contamination. In  this new model i f  the first cue 
could not be used to define the site as low risk then the second was used, as w ith the Matching 
Heuristic. However i f  the second cue was a low risk indicator then the site was designated as 
moderate risk, rather than low risk, to reflect the rating o f the first cue. I f  the second cue could 
not be used to make a decision then the third cue was used to define the site as either low, 
moderate or high risk as with the Matching Heuristic. The third cue was treated independendy as 
it was from  the pathway group o f cues and so could be taken as separate from the source cues. 
This new model gave an R2 for the fitting group o f 0.52, an R2 o f 0.41 for the generalization 
group and an R2 o f 0.48 for the combined group. This level o f correlation is comparable to that 
seen for the decisions based on industry guidance. The improvement in fit o f the new model 
over the Matching Heuristic illustrates the need for compensatory decision making in this 
decision context.
Fast and frugal heuristics may also be more effective in situations where cues vary gready in  
their validity, and so there is one very good cue that stands out (Martignon &  Hoffrage, 1999). 
Where one very good cue is available decision makers w ill give preference to this inform ation as 
its validity overshadows other cues. Only when this cue is ambiguous are other cues o f use. 
However, the judgment analysis indicated that the three most influential cues have similar levels 
o f significance in the decision process. In  this case there is not a single dominant cue that
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outweighs any other contradictory information from the subsequent cues, and so the Matching 
Heuristic may be less effective.
The decisions based on the guidance performed comparably w ith the E C H O  M odel and the 
Matching Heuristic model, but less well than the Lens model. Does this suggest that the experts 
are carrying out the assessments incorrecdy? Given the professional qualifications o f the group 
and the indicators o f experience (i.e. SiLC qualifications, positions held and years o f experience) 
this is unlikely. It  is more likely that the guidance does not sufficiently reflect the practice o f 
experts or prescribe how the judgments, that are necessary in such a complex decision 
environment, should be made. The industry guidance permitted variation in the interpretation 
and application, as demonstrated by the moderate correlation between assessors using the 
guidance. As w ith many similar decision contexts the guidance that exists for contaminated land 
assessment must strike a balance in the detail that it provides. O n one hand it is designed to offer 
a prescriptive, clear procedure to support those new to the industry and also to help ensure a 
consistent decision making. O n the other hand it is recognised that every site is unique and so the 
guidance cannot be too site specific. It  would be unrealistic to expect such industry guidance to 
cover every possible site situation.
Where complex and rich information is supplied for analysis the participants appear to want a 
more complete understanding o f it. It  may be the case that the more information offered the 
more questions can be raised as to its meaning, and the more information that is requested. In  
other studies o f expert decision making where lim ited data is supplied the participants may be 
more accepting o f information gaps and possibly alter their decision process accordingly. It  has 
been seen that there is greater disagreement in cases where the information does not conform to 
expected patterns, as represented in participant comments. The orthogonal design o f the variable 
combinations was required for the analysis o f dominant variables. It  is accepted that this process 
does step away from ‘real’ site information, however the data presented was checked for any 
obvious contradictions and implausible cases were amended. In  this study the qualitative data 
highlights the variable connections between cues that may be taken for granted by experienced 
assessors and not relayed in the reporting o f decisions on risk. Existing studies into expertise, 
have noted pattern recognition as one o f the key skills that comes with experience (Klein, 1999). 
The additional skills discussed by Klein (1999) are only obtained through experience and are 
difficult to train explicitly.
Overall, there is strong evidence that participants focus on some key cues when making their 
decisions. This was indentified through the significant cues in the Lens model and corroborated 
with the cues referred to in the qualitative data. H ow  is this information combined? A  serial 
process o f attending to cues in order o f their validity, as the Matching Heuristic suggests, did not 
fit the data well and so does not appear to be how complex decisions such as this one are made. 
However, although the Lens model was the best fitting model, the mechanism proposed in which 
a weighted combination o f cues is used to form a judgment does not fit well w ith the qualitative 
data. The comments made by participants indicated that the information was interpreted to form  
a meaningful account. This is the process proposed by the Theory o f Explanatory Coherence and 
the E C H O  model, however this model did not fit the data well. Therefore, coherence alone 
cannot explain the data. A  combination o f these mechanisms may provide the best account o f 
how complex decisions are made. The E C H O  model does not allow for weighting o f 
information, so emphasising the relative importance o f one cue over another is not possible. In
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contrast, the Lens model suggested that up to half o f the cues supplied are not significant in the 
decision making process. One explanation o f these findings is that both o f these theories are 
partially correct. W e propose that there is a process in which a range o f inform ation is combined 
to form  a coherent explanation o f the data and that w ithin this account there are key cues which 
are more influential in making the final decision.
Lim itations and Future Work
The number o f cases as a proportion o f the cues was approximately three per cue, which is 
slightly below the recommended levels o f five per cue (Cooksey, 1996). The reason for this ratio 
was the complexity o f the case data supplied, which meant that more cases could not be 
completed in the time available for participants. However the detailed, realistic presentation o f the 
reports was essential to the goal o f assessing naturalistic decision making and so presenting 
information for each case as a simple list o f facts as in other studies (e.g. Dham i &  Ayton, 2001) 
would not have met the objectives o f this research. The risk using a smaller number o f cases was 
in overfitting the models, and so cross validation was carried out. The results o f this suggest that 
overfitting was not a major concern, however the authors acknowledge more repetitions o f 
splitting for fitting and generalisation groups could be carried out to verify this. For all o f the 
theories that used a fitting and generalizing group for comparison, there was relatively small 
shrinkage between these groups. This is somewhat unusual, especially as the standard deviation 
between participants for each case was varied. The lim ited shrinkage between the correlations for 
fitting and generalizing groups may be because o f the greater reliability o f judgments due to the 
expertise o f the participants used in the study. One aspect o f further work may be to conduct an 
investigation into the influence o f the richness o f data on the decision methods used. I f  the 
participants had been supplied w ith just the risk ratings for each cue would the decision process 
have been the same? In  other words, does the decision change when the complexity o f the 
information is reduced?
Further research could also be applied to consider deliberative coherence as an alternate 
coherence model (Millgram and Thagard, 1996). In  this model the underlying goals o f the 
decision maker can be taken into account in the construction o f the coherent model. In  the case 
o f contaminated land assessment further research into the relevant goals and priorities o f 
individual cues would be required to apply such a model effectively.
The Lens M odel was found to give the best fit to expert data based on linear regression to 
establish an appropriate weighting for each cue. Recent work by von Helversen and Rieskamp 
(2009) concerned with decisions o f prosecutors and judges, suggests that the linear regression 
approach may be improved upon by the use o f a mapping model. Von Helverson and Rieskamp 
(2009) found similar results to this study whereby a lim ited number o f cues dominated judgement 
based decisions, and that the decisions did not correlate well to the recommendations in relevant 
guidance /  legislation. The mapping model used in their study is based on average cue ratings to 
select a category o f decision. To  apply this model further research would be required into the 
possible valid combinations o f cues that could be applied to the contaminated land decision 
context.
In  comparison with all o f the above theories o f decision making, the mean o f the participant 
responses was used. W hilst this is approach is common (Cooksey, 1996), alternatives are 
proposed by others that suggest the use o f Bayesian statistics where individual responses are used
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rather than the mean(e.g. Broder and Schiffer, 2003). Further research could be to compare the 
influence o f using the mean participant to alternative approaches.
Conclusion
In  this study we have tested and compared three models o f decision making to discover which 
one provides the best account o f expert decision making in a complex environment. The results 
show that one model, the Lens model, outperforms the others lending support to a Social 
Judgment Theory account o f decision making. However, the qualitative data collected suggests 
that the Lens model alone does not represent the whole process o f decision making. Overall, the 
results suggest that the process used by experts may be somewhere between the E C H O  Model 
and the Lens model. A n understanding o f the data is required, but not all information is equal. 
When faced with complex decisions, experts form  coherent, meaningful explanation o f the cues, 
but within this some cues are weighted more strongly and have greater influence on the decision.
This study has practical significance: a clearer understanding o f the risk assessment process 
w ill enhance and accelerate training o f contaminated land assessors to address the reported U K  
skills shortage (ASC, 2008). Studies into how experts make decisions offer a sound empirical 
basis for enhancing future guidance for complex decision environments. I t  is recognised that a 
clear procedure is necessary for consistency and to justify decisions made by experts in a legal 
context. However this study has shown that there may be differences between the approach o f 
experts and the written step-wise procedure laid out in guidance. By including the results o f 
empirical studies such as this in guidance documents, users may be better supported when asked 
to apply a judgment to their own cases.
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Appendix: Example Case
Case 1: Proposed low-rise flats with landscaping
The proposed development layout includes open public space to the north-west over 
areas of deep made ground. It is anticipated that pile foundations will terminate in 
the clay. The site is 2.0 hectares in size and covers a former brick works in operation 
from 1886, a tannery in the early 1900’s. Historical maps show evidence of pits 
within the north of the site until 1938 when the area appears to have been filled. 
Currently the site contains a number of vacant brick buildings to the south and vacant 
land to the north.
The adjacent land uses comprise open fields to the north and east of the site. The 
south and west of the site are areas of residential land. Historical maps show that 
the residential was first developed from open fields for this use in the 1920s. Within 
the surrounding open fields a designated ecological SSSI area is located 100 m to 
the north east of the site.
The site is underlain by a minor aquifer. The closest water course is ‘River A’ located 
50 m from the eastern site boundary, classified as under EA General Quality 
Assessment (GQA) Scheme as grade B (chemical and biological).
The ground conditions of the site are summarised in Figure 1.1 below; Made Ground 
(clayey material including demolition rubble) underlain by clay and sands and 
gravels. The previous site investigations carried out include, trial pits, window 
sample holes and boreholes to a maximum depth of 25m. Contamination test data 
including gas monitoring results are attached. Table 1b: soil test data, Table 2b: gas 
monitoring results, Table 3c: water test results.
Figure 1.1: Site plan and indicative borehole log
NOTE: Case also included tables of soil chemical test data (45 determinants at 15 TP and 
WS locations), gas monitoring results (average of three runs of monitoring for oxygen, carbon 
dioxide an methane at the 5 WS locations) and water chemical test data (16 determinants at 5 
WS locations).
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ABSTRACT
Motivation -  Engineering judgment forms an integral part of the contaminated land risk assessments 
required to develop land in the UK (ODPM, 2004). This study investigated how the complex, uncertain 
site information is used by expert engineers in these assessments. Research approach -  Site reports 
with different cue combinations were assessed and the findings were compared quantitatively to the 
predictions of three theories of decision making: Recognition-primed decision making (RPD), fast and 
frugal heuristics and the Lens model. Findings / Design -  Support was found for a process of 
combining several sources of information simultaneously, rather than a matching heuristic in which 
cues are tested serially. Experts appear to focus on a limited set of information rather than treating all 
cues equally as recommended in current guidance (Defra, 2004). Research limitations / Implications 
-  The site reports and assessment format, although reflective of real projects, was simplified to meet 
time constraints of the participants. The sample size used was sufficient to fit the chosen models to the 
average expert response, though insufficient to enable predicting of individual responses. Both of these 
aspects could be addressed with further research. Originality / Value -  An understanding of expert 
judgment in contaminated land assessment can be used to improve future training and guidance 
required to address the current industry skill shortage (ASC, 2008). Take away message -  Despite the 
apparently holistic approach to contaminated land risk assessment described in the qualitative responses 
to this study, the numeric analysis of the expert’s rating of risk showed that it was based on a limited 
number o f cues.
Keywords
Contaminated land, recognition-primed decision making, fast and frugal heuristics, lens model 
INTRODUCTION
Contaminated land assessment is a complex process in which expert engineers must judge the level of risk posed 
on a site. This requires the identification and assessment of “pollutant linkages”, comprising a contamination 
source, a receptor and a pathway linking them. Experts use reports which describe the detailed site data: site 
history, geology, hydrogeology, and site investigation data including chemical test results. The commercial 
context in which data are collected leads to inevitable gaps and uncertainties. Therefore engineers must make 
judgments about risk informed by their own expertise, based on complex and incomplete information; this study 
investigated the risk assessment process.
Several theoretical alternatives have been proposed to explain expert decision making. RPD (e.g. Klein, 1998) 
proposed that experts are sensitive to cues and perceiving familiar combinations leads directly to a single course 
of action. Gigerenzer (e.g. Gigerenzer & Goldstein, 1996) proposed that fast and frugal heuristics are used to 
reach a decision. For example, the Matching Heuristic tests the most valid cue to see if a decision can be reached 
immediately. If not, the next most valid cue is tested and so on until a decision can be made. The emphasis on 
recognising cues is a similarity in both approaches, but the parallel assessment of cues in RPD and serial testing 
with the Matching Heuristic are a clear difference. Finally, the Lens model (e.g. Hammond & Stewart, 2001) 
proposed that judgments are made using a weighted combination of the cues. Experts’ judgments of risk in 
twenty-seven contaminated land cases were elicited. The three decision theories were compared to the expert’s 
accounts of the risk from contamination to establish the “best fitting” decision process.
METHOD
Thirty contaminated land assessors participated in the study, with a mean experience of fifteen years. The study 
required each participant to assess a portfolio of hypothetical sites for a housing developer seeking to invest in 
land for development. The portfolio of information presented to participants closely mirrored the type of reports
©The Authors 2009. Published by the British Computer Society
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used in practice. For each site, participants reviewed a brief site description and limited chemical data to judge 
the potential risk from contamination. The site information consisted of cues reflecting the basic information 
required to assess “pollutant linkages”. Based on industry guidance and expert interviews, each cue was designed 
to be a high, moderate or low risk indicator, although they were not explicitly presented as such to participants. 
The participants rated each case as high, moderate or low risk and provided their level of confidence in their 
response.
RESULTS & DISCUSSION
The risk assessments made by the thirty experts were averaged for each site. Linear regression analysis was then 
used to identify the significance of each of the available cues for the average risk assessments given by 
participants. The relative significance of the cues formed the basis for applying the different theories of decision 
making described above to establish the best fitting model. Initial findings show that the cues concerning the 
contamination source influence the experts’ judgment of the level of risk much more than the pathway and 
receptor cues. However, the average of the source related cues correspond more closely to the risk assessment 
than the serial approach of testing the most valid cue followed by the next valid cue etc. Finally, a Lens model 
was created by regressing the cues onto the responses and a selected combination of source cues that most 
influenced the judgement of risk (not all cues were influential). Table 1 shows the fit of each model against the 
average risk scores given by participants.
Decision Theory Model f i t - R2
Matching Heuristic (single cue) 0.40
RPD (multiple cues) 0.45
Lens Model 0.64
Table 1. Fit of decision models to average risk scores given 
by experts
CONCLUSION
These findings suggest that expert judgments in this context are made using a weighted combination of cues, rather than 
a fast and frugal heuristic based on recognition of individual cues. The above analysis also suggests that experts do not 
seem to use all the information available, which contrasts with current official guidance. However, analysis of the 
qualitative open questions in the study suggests that experts’ judgments of risk are more holistic, and involve 
constructing a story about the site to explain the information presented. This study has practical significance: a clearer 
understanding of the risk assessment process will enhance and accelerate training of contaminated land assessors to 
address the current UK skills shortage.
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How is complex, uncertain information used by experts 
in a risk assessment context?
PARTICIPANT PROFILEMETHOD
Site reports with different cue 
combinations were assessed 
by participants and the findings 
were compared, quantitatively, to 
the predictions of three theories 
of decision making: Recognition- 
primed decision making (RPD), 
fast and frugal heuristics and the 
Lens model. Later comparisons 
also included the story model.
RESULTS: LENS MODEL R2=0.81
Quantitative data supports the Lens Model where a few 
cues dominate (shown in green below).
Cues Interpreted by 
Assessor
Q ualitative data 
suggests cues are 
interconnected
ACTUAL SITE DATA
Cues Weighted  
and Com bined to 
Determ ine Risk
CONCEPTUAL SITE 
MODEL
(Basis for risk assessment)
R2 = 0.64 corrected for sample size
RESULTS: STORY MODEL R2=0.47
Qualitative data collected supports a more holistic 
approach as suggested by the story model and 
described in the guidance. Casebook data was modelled 
using ECHO and compared to expert responses.
“ s ite  h is to ry  w o u ld  have s u g g e s te d  g re a te r im p a c t - 
w o u ld  need  to  re v ie w  c a re fu lly ”
Participant quote referring to Case 24: polluting site history, but no soil contaminants; 
33% of participants rated the case as low risk, and 53% as moderate risk.
June 2009
Years Experience: Mean of 15 years
Job Title: 50% Senior Management, 27% Engineer / 
Specialist, 23% Environmental Officer
Sector: 77% Private Sector, 23% Public Sector
Professional Qualification: 45% Specialist in Land 
Condition (SiLC)
RESULTS: RPD R2=0.45
Based on an unweighted average of the most 
significant cue type correlated with expert risk ratings.
RESULTS: HEURISTICS R2=0.40
Based on the top three cues from the Lens 
Model weightings (as shown below). Matching 
heuristic for single cue (soil test data) R2 = 0.40.
CUE 1 
IS SOIL TEST DATA 
ELEVATED?
LOW RISK 
SITE
YES / MAYBE
CUE 2: IS GAS 
MONITORING DATA 
ELEVATED?
LOW RISK 
SITE
YES / MAYBE
CUE
IS THERE A HUMAN 
PATHWAY?
LOW  RISK 
SITE
Kir, v c o
MAYBE
M ODERATE 
RISK SITE
HIGH RISK 
SITE
Contrary to guidance, contaminated land 
experts appear to have used a limited 
number of cues to make a judgement on 
risk. Qualitative data, however, supports 
a broader understanding of the ‘story’ and 
connections between cues. These results 
can inform training and guidance used to 
address the industry’s skills shortage.
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A bstrac t
Engineering judgment forms an integral part of the risk based approach to the 
assessment of contaminated land in the UK. How do the assessors in the field decide 
what is an unacceptable risk? For a given site, there is a range of qualitative and 
quantitative information available: site history; geology; hydro-geology; and site 
investigation data which includes chemical test results. It is for the assessor to use this 
information to create a conceptual site model (CSM) and identify pollutant linkages 
on a site. This then forms the basis of a risk assessment. A degree of experience is 
necessary to competently and efficiently construct a CSM and conduct risk assessment 
within the time and budget restrictions of a development project. Recent studies have 
shown that there is a skills shortage within engineering in general, including within 
the contaminated land sector. As a result there is a need to train future assessors 
coming into the industry to fill this gap. This paper presents a discussion of current 
legislation and guidance used to support the contaminated land risk assessment 
process. An alternative conceptual approach to describe how experienced assessors 
make decisions is then described. A case study is included to illustrate how judgment 
based decisions are made in soil volume estimation for a remediation project. Further 
research will be conducted to investigate whether better understanding of the process 
by which experienced assessors make decisions can be used to improve guidance and 
better train those coming into the industry for the future.
Keywords: Decision Making, Contaminated land, Uncertainty,
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1.0 Introduction
The two prominent drivers for evaluating contamination on previously developed land (PDL)1 are planning for 
new developments [1] and the legal requirement for land to be suitable for its current use [2]. In the UK, 
Brownfield land is being increasingly used for development as a reaction to the government target for 200,000 
new homes to be built per year by 2016 [5], 60% of which are to be located on Brownfield land [3]. A risk- 
based approach is used to determine whether the level of contamination present on a site is acceptable with 
regard to risk to human health and the wider environment [4]. This approach uses the “source-pathway- 
receptor” model [2], [6] taking account of the contaminant in question, the site use and possible exposure 
pathways for a number of vulnerable receptors (humans as well as the wider environment). Should the 
concentration of contamination on site be found to pose an unacceptable level of risk the site is considered to 
be “contaminated land”, as defined by the regulations [2], and will require some form of remediation. The 
relevant legislation and guidance that underpin the assessment process to be used are discussed below.
1.1 Part IIA and Planning
As noted above, there are two key elements to the current legislative regime: Part IIA of the Environmental 
Protection Act (1990) (referred to as Part IIA) [2], concerned with the current use of a site; and Town and 
County Planning Act [10], which is concerned with future proposed uses for the site. Similar regulations have 
subsequently introduced in Scotland and Wales. These alternatives do not vary significantly from the English 
legislation, and for this reason the following discussion is focused on the regulations for England only.
The legislative regime defines contaminated land and looks to apportion responsibility for the remediation of 
this land. Part IIA is only focused on the current use of a site, but does still serve as useful guidance to 
planning regulators when considering the risk from contamination associated with any proposed future land 
uses. The definition of contaminated land is based on risk assessment:
“any land which appears to the local authority in whose area it is situated to be in such a condition, by 
reason o f substances in, on, or under the land, that:
• significant harm is being caused or there is a significant possibility of such harm being caused; or
•  pollution o f controlled waters is being, or is likely to be, caused.” [2]
The pertinent questions for assessors are:
• What is the method by which a site is assessed for contaminated status?
• What is ‘significant harm’ and ‘significant possibility’?
The Secretary of State for the Environment, Transport and the Regions (DETR) has issued a circular which 
explains the new regime and outlines the way in which it is to work [7]. This has been updated recently by
1 Also referred to as Brownfield land
T H E  R O L E  O F  E X P E R T  J U D G M E N T  IN  C O N T A M IN A T E D  L A N D  A S S E S S M E N T
Proceedings of the 2008 Conference for the Engineering Doctorate in Environmental Technology
The Department for the Environment, Food and Rural Affairs (Defra) to reflect changes in the legislation to 
include land affected by radioactive contamination and other minor changes [8]. The above definition of 
contaminated land is said to be “based upon the principles o f risk assessment. The initial part of the DETR 
circular offers basic definitions of terms to be used with the guidance. Risk, in this case, is specifically defined 
as “a combination of:
• the probability or frequency, of occurrence of a defined hazard (for example exposure to a property 
of a substance with the potential to cause harm); and
• the magnitude (including seriousness) o f the consequences” [7]
This definition of risk is not new, and aligns with the definition given in British Standards [9]. Within the 
context of contaminated land, Part IIA defines the concept of a “source-pathway-receptor” model (referred to 
as contaminant -  pathway -  receptor in the DETR guidance) as the basis for risk assessment. The process has 
been broken down into two steps in the DETR guidance. Firstly, to establish whether or not all three elements 
exist on a site (contaminant, pathway and receptor) and secondly, the local authority must be satisfied that 
there is a ‘pollutant linkage’ on the site, and that the pollutant linkage is currently causing, or is likely to cause 
significant harm. This connection must be made for there to be potential risk of harm.
To make any significant changes to a site, as in those associated with most redevelopment projects, permission 
must be sought from the planning authority. Part of that planning application must consider any contamination 
on a site as a “material concern” as outlined in Planning Policy Statement 23 (PPS23) [1]. The regulation that 
applies to this area falls under the Town and County Planning Act [10]. The basic concepts outlined in Part 
IIA (as described above) are used to complete the assessment of the risks associated with contamination on 
development sites: i.e. pollutant linkage of source, pathway and receptor is required for risk to be present. The 
definition of contaminated land given in Part IIA is specifically related to land that, given existing site use, 
currently poses a risk, or is likely to. As the planning regulations are concerned with changes in the use of 
land and to reduce confusion of terms, the sites are referred to “land affected by contamination ’, which 
includes sites defined as contaminated land as defined under Part IIA given their current use, and those which 
subsequently may pose a risk given their proposed future use. PPS23 [1] essentially covers the requirements 
for a planning application and outlines the roles of the different interest parties: owner/developer, Local 
Authority (LA) and Regional Planning Bodies and the Environment Agency (EA). The owner/developer is 
responsible for, “ensuring that the development is safe and suitable for use for the purpose for which it is 
intendedr” [1], which includes an assessment of the current status of the site, whether the proposed use will 
cause any pollutant linkages, and what action is required to break those linkages. The suitable for use 
approach considers the balance between the resources required to develop a site and the purpose for which it is 
to be used. The applicant is required to supply information outlining the risks associated with any 
contamination on the site, and should include in this the pathways created during “development activities, such 
as piling, drain laying and trenches for services” [1].
In essence the procedures laid out in Part IIA for the assessment of contaminated land are applicable to the 
planning process. The main difference is in the inclusion of additional pollutant linkages associated with the 
new development and associated construction activities. The planning regime does not act independently of 
all other regulation in this regard. Some of the key interfaces include waste management system [11], 
Environment Agencies (EA), the Health and Safety Executive (HSE) [12] and building control.
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Part IIA assessments have been secondary to contamination assessments carried out under the planning regime 
however the definition of contaminated land in this part of the legislation is still relied upon. The additional 
considerations made under planning are associated with the proposed future land use and the interim period 
during construction. On the surface the legislation appears to be explicit in the definitions of contaminated 
land. However, the assessment process requires expert judgement to decide whether a significant pollutant 
linkage is possible and the onus is on the developer to provide evidence of this assessment. This reliance on 
the assessor to decide and make a judgment about risk is, in part, supported by published guidance. 
Government departments and advisory organisations such as the Environment Agency (EA) have produced 
technical guidance to support contaminated land legislation. Furthermore, organisations such as the 
Construction Industry Research and Information Association (CIRIA) have produced guidance and advice for 
best practice in industry. These are discussed below with specific focus given to the limitations of the 
guidance available.
1.3 Current Guidance
Industry best practice guidelines are developed to support the legislation produced by the government. In the 
case of contaminated land, phrases such as “suitable for use” [2] require further guidance to quantify exactly 
what level of contamination would be acceptable, and perhaps more challenging what is unacceptable, within 
this concept. A wealth of information has been produced on the best practice for assessment of a site affected 
by contamination, and design of remediation strategies. Discussed below are some of the key guidance 
documents used in assessing land affected by contamination.
Prior to the current risk based contaminated land regime, the government had issued specific contamination 
levels to be used in the assessment of contaminated land: ICRCL trigger levels [13]. Essentially these 
consisted of two soil concentration levels for a list of contaminants and acted as guidance as to when remedial 
action was required. The main restriction was in the limited account taken of the different site conditions, land 
users and allowance for varied pollutant linkages. In research conducted by Rivett et al. [14] an assessment 
was made of trends in remediation of contaminated land in the period 1996 to 1999, the survey highlighted 
several trends in contaminants present on the site. The main driver appeared to be organic contaminants, 
however there was evidence to suggest that the industry simply relied on the ICRCL limiting values and as 
such only tested for those named on the list. The opposing method relates to the current risk-based approach 
using the previous uses of the site to guide the assessment of likely contamination rather than just meeting 
trigger levels for listed contaminants [15], [16]. The ICRCL trigger values were officially withdrawn in 2002
[17]. The replacement guidance was introduced through the Contaminated Land Reports (CLRs) and the 
Contaminated Land Exposure Assessment (CLEA) Model [18]. The outcome of these reports and model were 
a series of Soil Guideline Values (SGV’s) to be used as generic, ‘safe’ concentration levels for a range of 
contaminants. It should be noted that the ‘safe’ concentration level represented by SGV’s cannot be taken as a 
trigger level for the ‘significant harm’ test used in the regulations to define contaminated land. Emphasis was 
made on the need for additional assessment of site specific SGV’s for contaminated sites.
Best practice guidance for the process by which contaminated land should be assessed has been published by 
both CIRIA -  “Contaminated Land Risk Assessment” [19] and Defra/EA -  CLR11 “Model procedures for the 
management of contaminated land” [6]. The former offers detailed information covering the process of site
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risk assessment from gathering information (site investigation and desk studies), through to the assessment and 
communication of risk. There is also detailed information relating to other topics such as ecological risk 
assessment, an area not generally considered in any great detail in contaminated land assessment in the UK. 
The detailed information given in these documents offers useful guidance to designers, as well as specific case 
studies to be used as a reference in design. The CLR 11 model procedures provide a technical framework to 
be used in the application of the risk management process for land affected by contamination. The document 
is consistent with the previous contaminated land reports (CLR 7-10), the CLEA Model and the approach 
presented by the EA, DETR and the Institute for Environmental Health [20]. The CLR 11 model procedures 
set out 3 stages in the framework:
• Risk Assessment;
• Options Appraisal;
• Implementation of the remediation Strategy.
The commonality between all of the aforementioned guidance is a set, rational procedure that the assessor 
would be expected to follow for every site. The question is whether this is what experienced assessors really 
do when they come to assess a potentially contaminated site: is it the same stepwise decision approach to every 
site or is the approach taken more variable depending on the specific case in hand? An alternative approach to 
describe the decision making process is provided by naturalistic decision making. The basic concepts of 
which are discussed below. Further research is proposed to use the naturalistic decision making approaches to 
establish the actual processes used by experienced contaminated land assessors. This can then be compared 
with the approaches outlined in the current guidance. The overall aim of this work will be to investigate 
whether it is possible to improve the current guidance available.
2.0 Naturalistic Decision Making
As noted above there is more than just a procedural element to the assessment of contaminated land and 
human judgement does play a part. The judgement element of decision making comes with experience and it 
is this need for experience that poses a problem for an industry suffering from a skills shortage. UK skills 
shortage occupation list [21] notes a number of engineering disciplines including; geo-environmental and 
contaminated land. As a result of this, there is a growing pressure on younger less experienced engineers, 
‘novices’, to make the judgement based decisions necessary in contaminated land assessments without having 
the experience to support them. Research in the area of Naturalistic Decision Making (NDM) and Behavioural 
Decision Making consider how the decision context and the decision maker interact in real, complex decision 
situations [22]. Beach (1997), comments that “naturalistic theory is very much influenced by the need for  
practical knowledge about real-world decision making” [24], as such the approach recognises that the 
experience of the decision maker is key to the process. The application of this research to contaminated land 
assessment is discussed below.
One key theory that could be applied to the decision making process used in contaminated land risk 
assessment is the Lens model first put forward by Brunswick (1955) [23]. The lens model suggests that the 
decision maker will take “cues”, or lines of evidence, from the decision situation to and use them to form a 
judgement of the problem at hand. In a contaminated land context this can be related to the construction of the 
conceptual site model (CSM) which is the basis for any site based risk assessment. This distilling of
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information directly relates to the concept of bounded rationality put forward by Herbert Simon as early as 
1945 whereby the decision maker is forced to refine the decision context to a manageable “bounded 
rationality” of just the salient features (described in Beach, 1997) [24]. An alternative to these multiple cue 
assessments is a more linear ‘satisficing’ approach considered by Gigerenzer and Todd [25] in fast and frugal 
heuristics. Fast and frugal heuristics suggest that in some cases, cognition is a more Unear process where one 
cue is assessed and a decision is made if possible, if no decision can be made then additional information is 
sought from the next most important cue and so on and so forth. This opposes the idea that all cues are 
considered at once as suggested by the lens model.
One aspect to note is that the decision making process is not clear cut. Hammond presents the idea of a 
cognitive continuum [26] along which the decision maker will move depending on the situation at hand and 
the stage of the decision process. The continuum ranges from purely analytical decision making (for example 
the assessment of contamination test data) to purely judgement based decision making (for example the 
forming of an initial conceptual model based on site history). The application of this continuum to 
contaminated land and may be used to better describe the process that assessors go through. Pepper (1942) 
(as noted by Klein, 1995 [22]) was first to suggest that the decision making process oscillates between 
analytical and intuitive decisions, becoming more analytical with more accuracy required, but also uses 
intuition to confirm the decision reached by analysis.
These alternative views on how the decision maker relates to the context in which they are working are 
important to understand, from both guidance and training perspectives. Below is a case example of where 
judgement in contaminated land assessment forms an integral part of the decision making process. The 
example is related to soil volume estimation for remediation design, which on the surface would appear to be a 
straight forward numerical process, however limited information and external influences necessitate a more 
judgement based approach.
3.0 Case Study: Judgement in soil volume estimation
The case discussed here is associated with the calculation of contaminated soil volumes requiring remediation 
on a site assessed as “contaminated land”. Cropp et. al (2008) [27] present a comparison of three practical 
estimation techniques used to assess the volume of ‘contaminated’ soil on the site of a proposed housing 
development. The methods used were; area of influence; proportional method and interpolation using Kriging. 
Where contamination is suspected on a site, intrusive site investigations including sampling and chemical tests 
are used to determine the severity and extent of the contamination. Delineation of contaminated areas and 
volume calculations must be carried out in order to design and cost remediation measures. The aim of the 
study was to compare the use of these methods for an estimation of soil volumes for situations where data may 
be limited, and the spatial distribution of contaminants of concern difficult to predict. In a commercial context, 
time and budget pressures lead to simplifications of the volume estimation process. The process is carried out 
with imperfect data. In addition, the process is influenced by other variables such as commercial risk to the 
estimator from miscalculation and costs associated with the remediation works themselves. These additional 
variables will be different for each of the interested parties. It was noted that an understanding of the chemical 
behavior of the contaminants of concern and the practical issues associated with the remediation strategy 
implemented on site are both necessary for the best estimate of the contaminated soil volumes. This implies
T H E  R O L E  O F  E X P E R T  J U D G M E N T  IN  C O N T A M IN A T E D  L A N D  A S S E S S M E N T
Proceedings of the 2008 Conference for the Engineering Doctorate in Environmental Technology
the need for more expert judgment in the estimation process to improve the result. Further work carried out on 
this research also included the comparison with estimations made by the consultant and contractor involved in 
the project; both incorporated an element of judgment to establish the likely volumes of material affected by 
contamination. Assessing the data in purely procedural way is not sufficient in itself to deal with the 
uncertainties of the data and the external factors affecting the process. Additional information relating to the 
description of the materials and the CSM, and factoring the external influences such as cost, allow the assessor 
to make better use of their experience to make a judgment about contaminated soil volumes.
4.0 Discussion
There are a number of factors that contribute to the need for an alternative approach to understanding and 
guiding the contaminated land risk assessment process in the UK. Firstly, the current published guidance on 
how to assess contaminated land is risk based and site specific, as such inherently involves some kind of 
judgement. The guidance offers a rational framework to be applied to all sites, leading the assessor up to a 
point where they must make their own judgements. This is a deliberate feature of the guidance, reflecting the 
variability between individual cases. It allows the assessor freedom to look at each site on its own merits, but 
does not fully support the use of previous experience in understanding the site conditions and determining an 
appropriate course of action. Secondly, the information available to make the assessment is a combination of 
qualitative and quantitative data with inevitable gaps and uncertainties. Under time and cost pressures of 
development projects, plugging these gaps of information with more data is not practical or profitable in many 
cases. Finally, the industry responsible for these assessments is suffering from a skills shortage. The gap 
between the experienced assessor and the novice assessor presents a problem whereby the process of handing 
down experience and knowledge to the less experience assessors must be accelerated to meet the demands of 
the industry.
In terms of the stakeholders interested in a particular project the perspective and willingness to take on risk is 
very different. For example regulators have the primary objective to protect the environment making them 
more likely to be risk adverse when it comes to environmental risk. These stakeholders have no financial stake 
in a development project so less sympathetic to costs. The developer will have large financial input in the 
development and, depending on the values of the developer, will be more or less tolerant to the protection of 
the environment, although must meet the regulations as a minimum standard. The developer is likely to be risk 
adverse, however the risk is more related to the financial aspects and the long term liability for the site. A 
developer’s aim is to take on a site, and develop it as quickly as possible to be able to make a profit. These 
contextual issues will affect how the decision maker prioritises the key issues and possibly the decisions made.
To better understand the decision process and the route from novice to experienced assessor in the 
contaminated land sector a methodology is needed to study practitioners. It is proposed that future work looks 
to observe the decision making processes of experienced contaminated land assessors to more clearly establish 
the process by which assessments are made, and how that relates to the current guidance produced to support 
them.
5.0 Conclusion
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The assessment of contaminated land is a complex process, for which there is a wealth of literature and 
published guidance. It is suggested that the support offered by this guidance, whilst useful, does not reflect the 
actual processes undertaken by experienced assessors in the industry. Further research will be conducted to 
investigate whether a better understanding of the process by which experienced assessors make decisions can 
be used to improve guidance and better train novices to meet the growing demands on the industry.
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T e c h n i q u e s  f o r
Sponsored by
UK 
TRADE &  ■ 
INVESTMENT I  ^ £ 5
C o n t a m i n a t e d  
a n d '
Day Workshop and Networking Event: Wednesday 30th January 2008, Haberdashers’ Hall, London
B e n e fits  o f  a t te n d in g
• EVALUATE innovative groundwater resource 
development and environmental management schemes
• BENEFIT from the academic and industry mix of senior 
level speakers and delegates at our invite-only 
meetings
• EXPLORE cost-effective, efficient and environmentally 
sustainable technology for dealing with polluted 
sources
• BUILD new relationships and future partnerships with 
LTN’s dedicated networking forums
• DETERMINE suitable remedial approaches to 
contaminated land and groundwater
• ADDRESS the latest technological developments and 
areas of investment
• IDENTIFY opportunities for collaborative research and 
partnerships between industry and academia
We are supported by
Speakers include
Nataiyn Ala
Atkins Global
Jennifer Clark
Skanska
Patricia Harvey
University of Greenwich
Jan Hellings
Olympic Delivery 
Authority
Stephan Jefferis
University of Surrey
Gordon Lethbridge
Shell Global Solutions
Jon Owens
Biogenie
Simon Pollard
Cranfield University
Don Porcelli
University of Oxford
Michael Quint
Arup
Anja Sinke
BP
Julia Stegemann
University College 
London
□ □ □ □Fust of England Development Agency S M D AWorking for tngla/ufs World Ooss Region
SOUTH EAST 
fcNGLANU 
DEVELOPMENT AGfcNCV fflHH
For further information, contact s.suchdev@LTNetwork.org
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Contaminated Land 
and Groundwater Remediation
Wednesday 30th January 2008, Haberdashers’ Hall, London
8:30 Event Registration
9:00 Opening Address
Peter Hicks, Technology Consultant, 
Technology Team, London Technology 
Network
^  Session 1: Land Contamination and Remediation ^
9:15 Introduction by the chair to the main
challenges surrounding contam inated land 
assessment and m anagem ent
• Examining recent technological 
developments in waste and hazardous waste 
treatment
• Assessing the benefits and challenges of 
novel technologies in risk assessment and 
land remediation
• What does the future hold? Where are 
advances needed?
Chair: Professor Simon Pollard, Head of 
Department, Sustainable Systems, Cranfield 
University
9:30 Developing high value brownfield land - risk 
assessment and remediation
• Maximising re-use of brownfield land and 
resources
• Minimising disposal and the impacts of 
landfill/hazardous waste regulations on 
development
• Impact of government legislation
• Looking at relevant case studies 
Michael Quint, Associate Director, 
Environmental Group, Arup
9:45 Looking at the developm ent of a hybrid
biorem ediation/phytorem ediation process  
for the sustainable in-situ treatm ent of 
hydrocarbon contam inated soils
• Applying wood-chip derived compost 
enriched with white rot fungi for primary 
remediation
• Considering the growth of pre-selected plant 
species for secondary photoremediation
• Using stress-adapted mycorrihizal fungi to 
maximise plant performance
Professor Patricia Harvey, Professor of 
Protein Biochemistry, School of Chemical & Life 
Science, University of Greenwich
10:00 Investigating risk-based m anagem ent of 
contam inated land
• Identifying the need for and the extent of 
remediation required
• Selecting appropriate remedial strategies and 
technologies
• Providing cost-effectiveness and 
sustainability
Dr Gordon Lethbridge, Principal Consultant, 
Health, Safety & Environment, Shell Global 
Solutions
10:15 Panel Discussion
Table discussion followed by question and 
answer session with the audience and speaker 
panel
10:45 Networking Coffee Break
Session 2: Groundwater Contamination 
and Remediation
11:15 Providing an overview of groundwater 
quality problems and how they can be 
resolved using a range of novel treatm ents
• Understanding physical, chemical and 
biological processes of accumulation, 
transformation and release of contaminants 
from industrial processes
• Determining effective groundwater 
treatments for the removal of organic and 
inorganic compounds
• Monitoring groundwater resources to 
optimise the environmental benefits
Chair: Professor Stephan Jefferis, Professor 
in Civil Engineering, Centre for Environmental 
Strategy, University of Surrey
11:30 Application of detailed site investigation 
techniques
• Assessing a novel contaminant transport 
model to a hydrocarbon impacted site in the 
chalk aquifer
• Avoiding over-conservative risk assessments 
and remediation strategies during initial 
investigations, using the Conceptual Site 
Model
• Examining detailed site investigation 
strategies such as tracer tests and double 
porosity modelling methodologies
Natalyn Ala, Head of Contaminated Land, 
Contaminated Land Solutions, Atkins Global
For further information, contact s.suchdev@LTNetwork.org
w w w . L T N e t w o r k . o r g
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11:45 Identifying sources of contam ination and 
chem ical processes using isotopes as 
fingerprin ts
• Using naturally occurring isotopes in site 
evaluations to predict how contaminants 
might migrate
• Using isotopes to evaluate the chemical 
mechanisms controlling the behaviour of 
metals
• Generating opportunities for collaborative 
research and partnerships between industry 
and academia
Dr Don Porcelli, Lecturer in Geochemistry, 
Earth Sciences, University o f Oxford
C
Session 3: Construction on Remediated Land
12:00
12:15
12:45
14:00
Management o f contam inated 
groundwater: m itigation and prevention 
o f risks
• Providing cost-effective, efficient and 
environmentally sustainable technology 
for dealing with contaminated 
groundwater
• Implementing groundwater management 
schemes for existing and future groundwater 
capability
• Assessment of innovative prevention and 
monitoring techniques
Dr Anja Sinke, Technology Coordinator Soil & 
Groundwater Remediation EMA, BP 
Remediation Management, BP
Panel D iscussion
Table discussion followed by question and 
answer session with the audience and speaker 
panel
Networking lunch w ith  academ ic poster 
session showcasing novel contam inated 
land and groundw ater remediation 
technologies
Examining the innovative technolog ies from  
SMEs in the Greater South East 
During this session, a selected number of 
SMEs will have the opportunity to give a five 
minute presentation on their latest technology. 
If you are interested in showcasing your work, 
please contact Natalie Tamiollo on 
n.tamiollo@LTNetwork.org, or call 
0870 730 8683.
14:30 Highlighting the key challenges and 
opportunities for the development of 
sustainable infrastructures
• Addressing the current trends and innovative 
technologies for site preparation
• Investigating the development of sustainable 
solutions
• Identifying opportunities for collaboration 
between industry and academia
Chair: Dr Julia Stegemann, Reader in 
Environmental Engineering, Civil & Environmental 
Engineering, University College London
14:45 Understanding future challenges to prepare 
for 2012 and ensuring the successful delivery 
of the London Olympic infrastructure
• Evaluating the impact of remediation on 
sustainable regeneration
• Minimising the negative impacts while 
optimising the positive elements of the 
development
• Exploring possible implications for future 
development of the Olympic site
Dr Jan Hellings, Project Sponsor, Enabling 
Works, Olympic Delivery Authority
15:00 Sustainable managem ent of historical 
contamination and soil treatm ent on the  
CTRL Stratford Box Project, Stratford, East 
London
• Historical legacy of contamination
• Designing the remediation solution and 
challenges
• Implementing the remediation method 
Jennifer Clark, Company Environmental 
Manager, Skanska
Jon Owens, Project Director, Site Remediation, 
Biogenie
15:15 Panel Discussion
Table discussion followed by question and 
answer session with the audience and speaker 
panel
15:45 Afternoon Tea
Networking opportunity and poster session from 
across London, the East and South East’s 
universities and SMEs showcasing the latest 
research. Opportunity for one-to-one meetings 
to facilitate technology exchange between 
academia and industry.
16:30 Close of Workshop
SPO N SO RSH IP
This unique event will be an excellent opportunity to initiate new relationships through tailored networking and a 
showcase of the latest academic research. LTN offers a range of sponsorship packages to enhance your brand, for 
further information contact Kate Ray on 0870 730 8682 or k.ray@LTNetwork.org
All events are by INVITATION ONLY
For further information, contact s.suchdev@LTNetwork.org
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Engineering Doctorate: Regenerating the Brownfields
SUPPORTING DOCUMENTS RP1.6
R e s e a r c h  P r o j e c t  D o c u m e n t  
E x a m p le  C a s e b o o k
4? UNIVERSITY OF
SURREY
Participant
Address
Dear Participant,
Thank you for agreeing to participate in this study into expert judgment in contaminated land 
risk assessment. The enclosed booklet contains detailed instructions and all of the 
information required for the study.
I would like to take this opportunity to emphasize that the cases included in this study are 
fictitious. Although loosely based on real sites, they have been significantly modified to meet 
the needs of the research. Please also note that responses received will be used for 
research purposes only and all responses will analysed anonymously. Full details of the 
terms of participation can be found in the attached consent form. Please read and sign this 
form before completing the study.
The deadline for response is Monday 8th September 2008. If you anticipate a problem with 
this time frame please contact me.
Please return the completed booklet and signed consent form in the stamped addressed 
envelope provided.
If you have any questions regarding the nature of the study, or the instructions for 
participation please feel free to contact me by email (n.cropp@surrev.ac.uk) or phone (DD 
01372 461600).
Once again thank you for agreeing to take part in this study and I look forward to receiving 
your completed casebook.
Kind Regards,
Natalie Cropp
U N IV E R S IT Y  O F
S U R R E Y
Ethics Committee
Consent Form
•  I the undersigned voluntarily agree to take part in the study on ‘expert judgment’ in contaminated land risk 
assessment
• I have read and understood the Information Sheet provided. I have been given a full explanation by the 
investigators of the nature, purpose, location and likely duration of the study, and of what I will be expected to 
do. I have been given the opportunity to ask questions on all aspects of the study and have understood the 
advice and information given as a result.
• I agree to comply with any instruction given to me during the study and to co-operate fully with the 
investigators.
• I understand that all personal data relating to volunteers is held and processed in the strictest confidence, and 
in accordance with the Data Protection Act (1998). I agree that I will not seek to restrict the use of the results of 
the study on the understanding that my anonymity is preserved.
• In understand that the cases used in this study are hypothetical and that I will not be held liable for any 
judgments made during the study.
• I understand that I am free to withdraw from the study at any time without needing to justify my decision and 
without prejudice.
• I confirm that I have read and understood the above and freely consent to participating in this study. I have 
been given adequate time to consider my participation and agree to comply with the instructions and 
restrictions of the study.
Name of volunteer (BLOCK CAPITALS) .............................................................
Signed .............................................................
Date .........................................
Name of researcher/person taking consent (BLOCK CAPITALS)
Signed
Date
4? UNIVERSITY OF
®  SURREY
P a r t i c ip a n t  Q u e s t io n s
Please complete the following few questions about yourself.
1. What is your job title? _____________________________________ _
2. What sector do you work in Public /  Private /  Academia
(please circle)?
3. How many years experience do you have in contaminated 
land risk assessment?
CASEBOOK ID:  ___
EngD Environmental Technology
E X P E R T  J U D G E M E N T  
S T U D Y
C A S E B O O K
(August 2008)
Acknowledgements:
This study forms part of an Engineering Doctorate (EngD) research project into 
decision making during Brownfield development. The project is run through the 
University of Surrey, supported by EPSRC and sponsored by Tony Gee and 
Partners LLP.
The results of this study will contribute to a pledge of action response to the ASC 
Draft National Brownfield Strategy (March 2008).
Thanks goes to Enviros Consulting Ltd and Fairview New Homes Ltd who have 
supplied data used as a basis for the cases in this study.
UNIVERSITY OF
SURREY
Instructions
UNIVERSITY OF
m  SURREY
‘Expert Judgement’ Study
The aim of this study is to improve understanding of the judgments made by 
experts in contaminated land risk assessments with a view developing 
guidance and training. The main interest for this study is the decision 
making process rather than the validity of the risk assessment.
The sites included in this casebook have been developed from real sites. 
However, the contamination data and the site details have been significantly 
modified to meet the needs of the study.
Instructions to Participants
This casebook contains the following:
- Portfolio of 27 UK based sites for assessment
- Risk estimation forms for each site
- Overview questions
The context for the assessments is that these sites are possible investments 
for a house builder. You are asked to rate the level of risk from contamination 
at each site based on the information provided.
The focus of the study is the process by which decisions are made on risk 
associated with contaminated land. As such you are encouraged to make 
hand-written notes and comments on the case sheets and tables of data 
provided.
Each site is supplied with a sample of contamination data. You will notice that 
these tables are repeated for different sites, e.g. the same groundwater 
results have been used for more than one site. This simplification is 
deliberate and is designed to help you to complete the study in a reasonable 
time frame.
There are:
- 3 different tables of soil chemical test results (Tables 1a to 1c)
- 3 different tables of gas monitoring data (Tables 2a to 2c)
- 3 different tables of groundwater chemical test results (Tables 3a to 3c)
The appropriate tables are supplied with each case for completeness. A 
separate A3 version of the soil chemical test result tables has also been 
supplied for convenience.
Please view each site independently and base your assessment on the 
information provided for that site. A first impression of the potential for risk 
from contamination is all that is required; to this end the information supplied 
for each site has been reduced to a bare minimum to give an impression of 
the key issues.
Please assess the cases in the order in which they appear in this booklet.
u n iv e r s it y  o f
78  SURREY
The final section of this booklet is a brief overview questionnaire designed to 
capture any general comments you may have on the information supplied and 
the process you have been through.
Time Frame
Please take as long or as a short a time as you like for the study. We expect 
it to take around 3 hours to complete. However it is not necessary to 
complete the whole study in one sitting.
The deadline for returning the study is Friday 3rd October 2008. A stamped 
addressed envelope has been supplied for you to return the casebook. If you 
have any problems with this deadline please contact me to discuss (details 
below).
Please ensure you include a signed consent form with your returned 
casebook. This will be kept separate from your completed casebook but is 
required for us to be able to use your assessments in the study.
Completion checklist
Please ensure the following items have been completed before returning 
this casebook.
1. Signed consent form
2. Completed risk evaluation sheet for all sites.
3. Completed overview questionnaire
Questions
Should you have any questions during the process please contact Natalie 
Cropp (Research Engineer) at n.cropp@surrev.ac.uk or by phone 01372 
461643.
Thank you for your time!
UNIVERSITY OF
SURREY
Portfolio of Cases
Case 1
Case 1: Proposed low-rise flats with landscaping
The proposed development layout includes open public space to the north-west over 
areas of deep made ground. It is anticipated that pile foundations will terminate in 
the clay. The site is 2.0 hectares in size and covers a former brick works in operation 
from 1886, a tannery in the early 1900’s. Historical maps show evidence of pits 
within the north of the site until 1938 when the area appears to have been filled. 
Currently the site contains a number of vacant brick buildings to the south and vacant 
land to the north.
The adjacent land uses comprise open fields to the north and east of the site. The 
south and west of the site are areas of residential land. Historical maps show that 
the residential was first developed from open fields for this use in the 1920s. Within 
the surrounding open fields a designated ecological SSSI area is located 100 m to 
the north east of the site.
The site is underlain by a minor aquifer. The closest water course is ‘River A’ located 
50 m from the eastern site boundary, classified as under EA General Quality 
Assessment (GQA) Scheme as grade B (chemical and biological).
The ground conditions of the site are summarised in Figure 1.1 below; Made Ground 
(clayey material including demolition rubble) underlain by clay and sands and 
gravels. The previous site investigations carried out include, trial pits, window 
sample holes and boreholes to a maximum depth of 25m. Contamination test data 
including gas monitoring results are attached. Table 1b: soil test data, Table 2b: gas 
monitoring results, Table 3c: water test results.
Figure 1.1: Site plan and indicative borehole log
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Case 1
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point W S A W S B w s c W S D W S E
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 9 9 7 -1015 997 - 1015 997 -1015 997 -1015 9 9 7 -1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * __ 20.3 '— -------- 16.5 — 17.9 -------- 16.8 ---------_ 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units %  V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units . 7.5 7.2 6.8 7.6 7.3
Arsenic 1 4.0 3.2 <1 <1 <1
Boron 10 170 255 <10 <10 <10
Cadmium ftg n 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium 1 3 2 3 1 3
Copper 1 4 4 3 <1 3
Lead 1 <1 <1 <1 <1 <1
Nickel 4 3 4 1 4
Selenium / jg ! \ 1 1 <1 2 <1 <1
Vanadium 7 6 2 3 2
Zinc / ig / l 1 21 18 12 9 7
Mercury 0.05 <0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulphate m&1 3 12 23 50 75 32
Chrloride mgfl 10 55 67 32 50 75
Ammoniacal Nitrogen as HH4-N mal 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Case 1
Case 1 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
  ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 2
Case 2: Proposed low-rise residential flats with landscaping
The site is 2.0 hectares in size and part of a former gas works in operation from 1870 
-  1990. The buildings were demolished in late 1990s and the site has been vacant 
since.
The surrounding land uses comprise industrial park to the east, south and west; 
formerly industrial land (land uses include car workshops and showrooms and a 
petrol station). To the north of the site is part of the former gas works, beyond which 
are open fields. A designated ecological SSSI is located 500m from the northern 
site boundary, adjacent to ‘River B’, classified as under EA General Quality 
Assessment (GQA) Scheme as grade B (chemical and biological).
The site is underlain by a major aquifer and falls within an Inner Source Protection 
Zone.
The ground conditions of the site are summarised in Figure 2.1 below; Made Ground 
(clayey material including demolition rubble) underlain by clay and chalk. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 25m. Contamination test data, including gas 
monitoring results are attached. Table 1b: soil test data, Table 2a: gas monitoring 
results, Table 3b: water test results.
Figure 2.1: Site plan and indicative borehole log
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Case 2
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997- 1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 10.1 ' " ------------- 2.1 6.6 ■— 8.7 ■— ._____ 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1 % V/V
Table 3b : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0 7.2 7.5 7.3
Arsenic 1 41 11 21 9 6
Boron 10 375 578 285 165 113
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium 1 16 24 17 14 14
Copper 1 8 56 75 24 17
Lead 1 62 38 49 8 24
Nickel 1 12 8 17 8 <1
Selenium 1 <1 <1 <1 <1 <1
Vanadium 1 13 9 4 2 7
Zinc 1 16 12 24 6 14
Mercury / jg f i 0.05 0.06 0.075 <0.05 <0.05 <0.05
PAH (Total) 0.01 188 139 165 117 90
Sulphate mgl 3 296 218 234 206 193
Chrloride mg/I 10 42 58 56 48 47
Ammoniacal Nitrogen as HH4-N mg1 0.2 0.3 0.6 0.7 0.2 0.2
Case 2
Case 2 : Risk Evaluation
Based on the information provided for this case please answer the following
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
   ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 3
Case 3: Proposed residential flats with landscaping
The site is 2.5 hectares in size and is currently part open space and part student 
accommodation developed in the 1960s. The site was first developed for residential 
use in 1920s.
The adjacent land was first developed in the late 1970’s and comprise industrial land 
uses to the east and south including car workshops and showrooms. To the north 
and west of the site open fields. A National Nature Reserve is located 50m from the 
western site boundary. There is a major river located approximately 500m to the 
north of the site, classified as under EA General Quality Assessment (GQA) Scheme  
as grade B (chemical and biological). The site is underlain by a non aquifer.
The ground conditions of the site are summarised in Figure 3.1 below; Made Ground 
(clayey material) underlain by clay. The previous site investigations carried out 
include; trial pits, window sample holes and boreholes to a maximum depth of 25m. 
Contamination test data, including gas monitoring results are attached. Table 1c: soil 
test data, Table 2a: gas monitoring results, Table 3a: water test results.
Figure 3.1: Site plan and indicative borehole log
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Case 3
Table 2 a : Gas M onitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA W SB W SC W SD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997-1015 997-1015 997-1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * - — 10.1 2.1 6.6 8.7 - --------- 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Samples could not be taken from the clay strata in WSD and WSE.
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5
Arsenic M & l 1 55 15 28
Boron /jgA 10 500 770 380
Cadmium / t g n 0.4 <0.4 <0.4 <0.4
Chromium f ig / i 1 21 32 22
Copper f t g ' i 1 10 75 100
Lead / jg / l 1 82 50 65
Nickel f t g n 1 16 11 23
Selenium f jg i l 1 <1 <1 <1
Vanadium / j g A 1 17 12 5
Zinc f t  oft 1 21 16 32
Mercury / t g s i 0.05 0.08 0.1 0.06
PAH (Total) f t g f i 0.01 250 185 220
Sulphate mgi 3 395 290 312
Chrloride mg'} 10 56 77 74
Ammoniacal Nitrogen as HH4-N mgn 0.2 0.4 0.8 0.9
Case 3
Case 3  : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
High Risk 
Moderate Risk 
Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 4
Case 4: Proposed low-rise residential flats with car parking 
and limited landscaping
The site is 1.5 hectares in size and part of a former brick works site in operation from 
1886. Currently the site comprises three two storey, brick buildings used as car 
showrooms.
The immediately adjacent land uses comprise an industrial park to the west and 
south of the site. A railway line runs adjacent to the southern boundary of the site. 
The north of the site the land is now vacant. To the east are open fields. The site is 
within 100m of a National Nature Reserve. Historically the site has been surrounded 
by open fields to the east, light industrial land uses to the west and south (including 
warehouses), and areas associated with the brick works to the north (including filled 
pits 500m from the site).
The site is underlain by a minor aquifer. Perched groundwater was encountered at 
an average of 2 m bgl. There are no w ater courses within 1 km of the site boundary.
The ground conditions of the site are summarised in Figure 4.1 below: Made Ground 
(clayey material including brick rubble) underlain by clay, sands and gravels. The 
previous site investigations carried out included, trial pits, window sample holes and 
boreholes to a maximum depth of 25 m. Contamination test data including gas 
monitoring results are attached. Table 1b: soil test results, Table 2a: gas monitoring 
results, Table 3a: water test results
Figure 4.1: Site plan and indicative borehole log
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Case 4
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997- 1015 997-1015 997-1015 997-1015 997- 1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen *  ^ ■----- _ 10.1 ----------- 2.1 6.6 8.7 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5 7.2 7.3
Arsenic 1 55 15 28 12 8
Boron 10 500 770 380 220 150
Cadmium Man 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium Man 1 21 32 22 18 18
Copper 1 10 75 100 32 23
Lead Man 1 82 50 65 10 32
Nickel Man 1 16 11 23 10 1
Selenium 1 <1 <1 <1 <1 <1
Vanadium Man 1 17 12 5 2 9
Zinc MQft 1 21 16 32 8.5 19
Mercury Man 0.05 0.08 0.1 0.06 <0.05 <0.05
PAH (Total) Man 0.01 250 185 220 156 120
Sulphate mg/i 3 395 290 312 275 257
Chrloride mg'! 10 56 77 74 64 63
Ammoniacal Nitrogen as HH4-N mg1 0.2 0.4 0.8 0.9 0.3 0.2
Case 4
Case 4  : Risk Evaluation
Based on the information provided for this case please answer the following
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 5
Case 5: Proposed residential housing with gardens
The site is 1.5 hectares in size and is currently part open space and part student 
accommodation, developed in the 1960s. The site was first developed for residential 
use in 1920s.
The adjacent land uses comprise a residential area to the east and north of the site. 
The south and west of the site are areas of open fields. There are no designated 
areas of ecological interest within 1 km of the site. Historically the site has been 
surrounded by open fields, and industrial land uses since late 1800s including a gas 
works to the east up to the mid 1900s.
The site is underlain by a non-aquifer. A major river is located 50m from the western 
site boundary, classified as under EA General Quality Assessment (GQA) Scheme 
as grade B (chemical and biological).
The ground conditions of the site are summarised in Figure 5.1 below; Made Ground 
(gravelly material) underlain by clay. The previous site investigations carried out 
include; trial pits, window sample holes and boreholes to a maximum depth of 25m. 
Contamination test data, including gas monitoring results are attached. Table 1b: soil 
test results, Table 2a: gas monitoring data, Table 3c: water test results.
Figure 5.1: Site plan and indicative borehole log
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Case 5
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point W SA W SB WSC WSD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997-1015 997-1015 997-1015 997-1015 997- 1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * .__ 10.1 ___ 2.1 ■——__ 6.6 8.7 ' - --------- 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Samples could not be taken from the clay strata in WSE.
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units 7.5 7.2 6.8 7.6
Arsenic / ;g 'i 1 4.0 3.2 <1 <1
Boron / /g / l 10 170 255 <10 <10
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4
Chromium A ff f 1 3 2 3 1
Copper /.ig fl 1 4 4 3 <1
Lead 1 <1 <1 <1 <1
Nickel 4 3 4 1
Selenium / jg n 1 <1 2 <1
Vanadium 1 7 6 2 3
Zinc 1 21 18 12 9
Mercury 0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) / /g / l 0.01 <0.01 <0.01 <0.01 <0.01
Sulphate m 1 3 12 23 50 75
Chrloride mg'! 10 55 67 32 50
Ammoniacal Nitrogen as HH4-N 0.2 <0.2 <0.2 <0.2 <0.2
Case 5
Case 5  : Risk Evaluation
Based on the information provided for this case please answer the following
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 6
Case 6: Proposed residential flats with car parking and limited 
landscaping
The site is 2.5 hectares in size and is currently vacant to the north and used as car 
show rooms to the south. The site history shows that the site was a former brick 
works.
The adjacent land uses comprise an industrial area to the south, east and north of 
the site. The west of the site is an area of open fields. Historically the site has been 
surrounded by open fields to the east, and industrial land uses since late 1800s 
including; warehouses and pit areas associated with the brick works 500m from the 
northern site boundary.
The site is underlain by a major aquifer and falls within an Inner Source protection 
Zone. There is a major river located 50m from the western site boundary, classified 
as under EA General Quality Assessment (GQA) Scheme as grade B (chemical and 
biological). A designated area of ecological interested is located along the banks of 
the river 500m form the site.
The ground conditions of the site are summarised in Figure 6.1 below; Made Ground 
(clayey material including some demolition rubble) underlain by clay and chalk. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 25m. Contamination test data, including gas 
monitoring results are attached. Table 1b: soil test data, Table 2c: gas monitoring 
results, Table 3c: water test results.
Figure 6.1: Site plan and indicative borehole log
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Case 6
Table 2 c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB w s c WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997-1015 997-1015 997-1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * ■— ■— _ 20.3 ~ _ 19.8 21 20.2 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane * <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units _ 7.5 7.2 6.8 7.6 7.3
Arsenic 1 4.0 3.2 <1 <1 <1
Boron 10 170 255 <10 <10 <10
Cadmium flQH 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium 1 3 2 3 1 3
Copper 1 4 4 3 <1 3
Lead 1 <1 <1 <1 <1 <1
Nickel / jg n 4 3 4 1 4
Selenium 1 1 <1 2 <1 <1
Vanadium f /g f l 7 6 2 3 2
Zinc 1 21 18 12 9 7
Mercury 0.05 <0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulphate m 'l 3 12 23 50 75 32
Chrloride mgfl 10 55 67 32 50 75
Ammoniacal Nitrogen as HH4-N m 'i 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Case 6
Case 6 : Risk Evaluation
Based on the information provided for this case please answer the following
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
High Risk 
- Moderate Risk 
Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 >
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 7
Case 7: Proposed residential housing with gardens
The site is 2.5 hectares in size. The site was used in part as a brick works in 
operation form 1886. The buildings to the south were later developed and used as a 
car show room.
The adjacent land uses comprise residential land to the east and south, and open 
fields to the north and west. The surrounding land was first developed for residential 
use in 1920s. A major river is located 500m from the west boundary. There are no 
designated areas of ecological interest within 1km of the site. The site is underlain 
by a major aquifer and falls within an Inner Source Protection Zone.
The ground conditions of the site are summarised in Figure 7.1 below; Made Ground 
(gravel material including some demolition rubble) underlain by clay and chalk. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 20m. Contamination test data including gas 
monitoring results are attached. Table 1c: soil test results, Table 2c: gas monitoring 
results, Table 3a: water test results.
Figure 7.1: Site plan and indicative borehole log
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Made Ground 
Ave 2.5 m thick
Perched water 
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Case 7
Table 2 c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997- 1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 . ____ 19.8 21 - --------- 20.2 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane * <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5 7.2 7.3
Arsenic A ff* 1 55 15 28 12 8
Boron 10 500 770 380 220 150
Cadmium MQ/l 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium / jg f l 1 21 32 22 18 18
Copper Man 1 10 75 100 32 23
Lead / jg 4 1 82 50 65 10 32
Nickel Man 1 16 11 23 10 1
Selenium Man <1 <1 <1 <1 <1
Vanadium Man 1 17 12 5 2 9
Zinc Man 1 21 16 32 8.5 19
Mercury Man 0.05 0.08 0.1 0.06 <0.05 <0.05
PAH (Total) Man 0.01 250 185 220 156 120
Sulphate mg?i 3 395 290 312 275 257
Chrloride mg'! 10 56 77 74 64 63
Ammoniacal Nitrogen as HH4-N mg/i 0.2 0.4 0.8 0.9 0.3 0.2
Case 7
Case 7 : Risk Evaluation
Based on the information provided for this case please answer the following
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk 
Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 8
Case 8: Proposed residential housing with gardens
The site is 1.5 hectares in size and is student accommodation, developed in the 
1960s. The site was first developed for residential use in 1920s. It is anticipated that 
pile foundations for the new development will terminate in the clay.
The adjacent land uses comprise a residential area to the east and north of the site. 
The south and west of the site are areas of open fields. There is a designated area 
of ecological interest located 500m to the east of the site. Historically the site has 
been surrounded by open fields, the land the east and north of the site was 
developed for light industry in the early 1900s, including warehouses and latterly a 
car workshop.
The site is underlain by a major aquifer and falls within an Inner Source Protection 
Zone. There are no surface water courses within 1 km of the site.
The ground conditions of the site are summarised in Figure 8.1 below; Made Ground 
(clayey material) underlain by clay and chalk. The previous site investigations 
carried out include; trial pits, window sample holes and boreholes to a maximum 
depth of 25 m. Contamination test data, including gas monitoring results are 
attached. Table 1b: soil test results, Table 2b: gas monitoring data, Table 3a: water 
test results.
Figure 8.1: Site plan and indicative borehole log
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Case 8
Table 2 b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997-1015 997- 1015 997- 1015 997-1015 997- 1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 16.5 ------ -- 17.9 ~ ■— _ 16.8 --------- 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5 7.2 7.3
Arsenic 1 55 15 28 12 8
Boron m q a 10 500 770 380 220 150
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium Mon 1 21 32 22 18 18
Copper / jg n 1 10 75 100 32 23
Lead 1 82 50 65 10 32
Nickel MQft 1 16 11 23 10 1
Selenium / jg n 1 <1 <1 <1 <1 <1
Vanadium 1 17 12 5 2 9
Zinc / ig i i 1 21 16 32 8.5 19
Mercury / jg n 0.05 0.08 0.1 0.06 <0.05 <0.05
PAH (Total) 0.01 250 185 220 156 120
Sulphate mg'l 3 395 290 312 275 257
Chrloride mg'! 10 56 77 74 64 63
Ammoniacal Nitrogen as HH4-N mg'l 0.2 0.4 0.8 0.9 0.3 0.2
Case 8
Case 8 : Risk Evaiuation
Based on the information provided for this case please answer the following
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 9
Case 9: Proposed low-rise residential flats with car parking 
and limited landscaping
The site is 1.5 hectares in size and part of a former gas works in operation from 1870 
-  1998. The buildings were demolished in 1990s and the site has been vacant since. 
It is anticipated that pile foundations for the proposed development will terminate in 
the clay.
The surrounding land uses comprise vacant land to the east and south of the site, 
including car workshops and showrooms. To the west of the site is a large car 
parking area for surrounding industries. The north of the site is part of the former gas 
works, beyond which are open fields. There are no areas of designated ecological 
interest within 1 km of the site.
The site is underlain by a major aquifer, and falls within and Inner Source Protection 
Zone. There are no surface water courses within 1 km of the site.
The ground conditions of the site are summarised in Figure 1 below; Made Ground 
(clayey material including brick rubble) underlain by clay and sands and gravels. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 25m. Contamination test data including gas 
monitoring results are attached. Table 1c: soil test results, Table 2a: gas monitoring 
data, Table 3c: water test results.
Figure 9.1: Site plan and indicative borehole log
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Case 9
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June
2008)
Test Point W SA W SB W SC WSD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 10.1 2.1 6.6 "■-------^ 8.7 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0,1% V/V
Table 3c : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.5 7.2 6.8 7.6 7.3
Arsenic / i g / l 1 4.0 3.2 <1 <1 <1
Boron / t & l 10 170 255 <10 <10 <10
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium / j g 4 1 3 2 3 1 3
Copper / j g n 1 4 4 3 <1 3
Lead M Q f l 1 <1 <1 <1 <1 <1
Nickel 1 4 3 4 1 4
Selenium 1 1 <1 2 <1 <1
Vanadium 1 7 6 2 3 2
Zinc / j g n 1 21 18 12 9 7
Mercury / j g n 0.05 <0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) / j g n 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulphate m tf 3 12 23 50 75 32
Chrloride ma1 10 55 67 32 50 75
Ammoniacal Nitrogen as HH4-N mp4 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Case 9 : Risk Evaluation
Based on the information provided for this case please answer the following
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 10
Case 10: Proposed residential low-rise flats with landscaping
The site is 1.5 hectares in size. The site contains former brick works. The brick 
works ceased to operate in the mid 1900’s since which time the site has been used 
as warehouses and car showroom. It is anticipated that pile foundations for the 
proposed development will terminate in the clay.
The adjacent land uses comprise residential land to the south, east and north and 
open fields to the west. Historically the land to the east has been used for industrial 
land uses including a gas works. To the north the land includes an area of filled pits 
associated with the former brickworks on site. There is a designated ecological SSSI 
located 100m from the western site boundary. There are no surface water courses 
within 1km of the site. The site is underlain by a major aquifer and falls within an 
Inner Source Protection Zone.
The ground conditions of the site are summarised in Figure 10.1 below; Made Ground 
(clay material including some demolition rubble) underlain by clay and chalk. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 25m. Contamination test data including gas 
monitoring results are attached. Table 1a: soil test results, Table 2c: gas monitoring 
results, Table 3b: water test results.
Figure 10.1: Site plan and indicative borehole log
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Case 10
Table 2c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 — — _ 19.8 21 20.2 '— 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane * <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units 6.8 7.0 7.2 7.5 7.3
Arsenic 1 41 11 21 9 6
Boron Man 10 375 578 285 165 113
Cadmium Man 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium Man 1 16 24 17 14 14
Copper Man 1 8 56 75 24 17
Lead Man 1 62 38 49 8 24
Nickel Man 1 12 8 17 8 <1
Selenium Man 1 <1 <1 <1 <1 <1
Vanadium Man 1 13 9 4 2 7
Zinc Man 16 12 24 6 14
Mercury Man 0.05 0.06 0.075 <0.05 <0.05 <0.05
PAH (Total) Man 0.01 188 139 165 117 90
Sulphate mg/i 3 296 218 234 206 193
Chrloride mg1 10 42 58 56 48 47
Ammoniacal Nitrogen as HH4-N mg/i 0.2 0.3 0.6 0.7 0.2 0.2
Case 10
Case 10 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
  ►.
4. If any, what additional comments would you like to make about your
assessment of this site?
Case 11
Case 11: Proposed residential flats with car parking and 
limited landscaping
The site is 1.5 hectares in size. The site was used as a brick works from 1913, 
between 1920 and 1935 the pits were filled and the land subsequently used as a 
timber yard and later a car workshop.
The adjacent land uses comprise open fields and residential land, historically used 
for light industrial land uses including warehouses. ‘River G ’ is located 50m from 
western site boundary and is classified as under EA General Quality Assessment 
(GQA) Scheme as grade B (chemical and biological). A designated ecological SSSI 
is located along the river bank 100m from the site. The site is underlain by a non 
aquifer.
The ground conditions of the site are summarised in Figure 11.1 below; Made 
Ground (including demolition rubble) underlain by clay. The previous site
investigations carried out include; trial pits, window sample holes and boreholes to a 
maximum depth of 25m. Contamination test data including gas monitoring results 
are attached. Table 1c: soil test results, Table 2c: gas monitoring data, Table 3b: 
water test results.
Figure 11.1: Site plan and indicative borehole log 
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Case 11
Table 2c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997- 1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * ~ — ._ 20.3 -------------- 19.8 ' — _ 21 20.2 "— 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane * <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Samples could not be taken from the clay strata in WSD and WSE.
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0 7.2
Arsenic 1 41 11 21
Boron 10 375 578 285
Cadmium 0.4 <0.4 <0.4 <0.4
Chromium 1 16 24 17
Copper 1 8 56 75
Lead 1 62 38 49
Nickel 1 12 8 17
Selenium ju & l 1 <1 <1 <1
Vanadium 1 13 9 4
Zinc MQft 1 16 12 24
Mercury 0.05 0.06 0.075 <0.05
PAH (Total) / jg n 0.01 188 139 165
Sulphate mg'! 3 296 218 234
Chrloride mg/i 10 42 58 56
Ammoniacal Nitrogen as HH4-N mgl 0.2 0.3 0.6 0.7
Case 11
Case 11 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ; ; >
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 12
Case 12: Proposed residential housing with gardens
The site is 2.0 hectares in size and is a former gas works in operation from 1870 to 
1990. The buildings were demolished in the southern part of the site in 1990s and 
left as vacant land. The northern part of the site contains a car park and 
warehouses.
The surrounding land uses comprise vacant land to the east of the site, formerly light 
industrial land uses including car workshops, showrooms and warehouses. To the 
north, west and south of the site the land use is light industry mostly warehouses and 
offices. There are no areas of designated ecological interest within 1 km of the site.
The site is underlain by a minor aquifer. There are no surface water courses within 
1km of the site.
The ground conditions of the site are summarised in Figure 12.1 below; Made 
Ground (demolition rubble) underlain by clay, and sands and gravels. The previous 
site investigations carried out include; trial pits, window sample holes and boreholes 
to a maximum depth of 20m. Contamination test data including gas monitoring 
results are attached. Table 1a: soil test results, Table 2b: gas monitoring data, Table 
3b: water test results.
Figure 12.1: Site plan and indicative borehole log
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Case 12
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 16.5 __ 17.9 —~~___ 16.8 ' -— 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0 7.2 7.5 7.3
Arsenic Mg'! 1 41 11 21 9 6
Boron / jg ' i 10 375 578 285 165 113
Cadmium / jg rt 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium Mg'! 1 16 24 17 14 14
Copper / /g f l 1 8 56 75 24 17
Lead /sgrt 1 62 38 49 8 24
Nickel Mgn 1 12 8 17 8 <1
Selenium Mgn 1 <1 <1 <1 <1 <1
Vanadium /jgQ 1 13 9 4 2 7
Zinc Msn 1 16 12 24 6 14
Mercury p g n 0.05 0.06 0.075 <0.05 <0.05 <0.05
PAH (Total) /tg n 0.01 188 139 165 117 90
Sulphate mg/i 3 296 218 234 206 193
Chrloride mg'! 10 42 58 56 48 47
Ammoniacal Nitrogen as HH4-N mg'! 0.2 0.3 0.6 0.7 0.2 0.2
Case 12
Case 12 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
--------------------------------------------------------- y
4. If any, what additional comments would you like to make about your
assessment of this site?
Case13: Proposed residential housing with gardens
The site is 2 hectares in size. The site is a former gas works in operation from 1870 
to 1990. The buildings were demolished in the southern part of the site in 1990s and 
left as vacant land. The northern part of the site contains a car park and 
warehouses.
The adjacent land uses comprise open fields to the north and east of the site. To the 
west and south of the site the land use is residential, formerly open fields.
The site is underlain by a major aquifer and falls within an Inner Source Protection 
Zone. ‘River D’ is located 50m from the east boundary of the site. A designated 
ecological SSSI has been identified along the banks of the river 100m from the south 
east corner of the site.
The ground conditions of the site are summarised in Figure 13.1 below; Made 
Ground (demolition rubble) underlain by chalk. The previous site investigations 
carried out include; trial pits, window sample holes and boreholes to a maximum 
depth of 20m. Contamination test data including gas monitoring results are attached. 
Table 1a: soil test results, Table 2a: gas monitoring results, Table 3a: water test 
results.
Figure 13.1: Site plan and indicative borehole log
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Case 13
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997-1015 997-1015 997-1015 997-1015 997- 1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * '— — 10.1 2.1 6.6 8.7 ■— 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5 7.2 7.3
Arsenic A ® * 1 55 15 28 12 8
Boron 10 500 770 380 220 150
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium 1 21 32 22 18 18
Copper MQft 1 10 75 100 32 23
Lead 1 82 50 65 10 32
Nickel 1 16 11 23 10 1
Selenium 1 <1 <1 <1 <1 <1
Vanadium 1 17 12 5 2 9
Zinc 1 21 16 32 8.5 19
Mercury /jg A 0.05 0.08 0.1 0.06 <0.05 <0.05
PAH (Total) 0.01 250 185 220 156 120
Sulphate mg/i 3 395 290 312 275 257
Chrloride mg'! 10 56 77 74 64 63
Ammoniacal Nitrogen as HH4-N mg/l 0.2 0.4 0.8 0.9 0.3 0.2
Case 13 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk 
Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your
assessment of this site?
Case 14
C ase 14: P roposed  res iden tia l fla ts  w ith  car parking  and  
lim ited  land scap ing
The site is 1.5 hectares in size. The site was used as a brick works from 1886. The 
buildings to the south of the site were demolished in mid 1900s and the land has 
remained vacant since. The buildings to the north were used as a car show room.
The adjacent land uses comprise residential land to the east and south, and open 
fields to the north and west. The surrounding land was first developed for residential 
use in 1920s. A major river is located 500m from the west boundary, classified as 
under EA General Quality Assessment (GQA) Scheme as grade B (chemical and 
biological). There are no designated areas of ecological interest within 1km of the 
site. The site is underlain by a non aquifer.
The ground conditions of the site are summarised in Figure 14.1 below; Made 
Ground (clay material including some demolition rubble) underlain by clay. The 
previous site investigations carried out include; trial pits, window sample holes and 
boreholes to a maximum depth of 25m. Contamination test data including gas 
monitoring results are attached. Table 1b: soil test results, Table 2b: gas monitoring 
data, Table 3b: water test results.
Figure 14.1: Site plan and indicative borehole log
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Case 14
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 16.5 17.9 16.8 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Samples could not be taken from the clay strata in WSC, WSD and WSE.
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0
Arsenic 1 41 11
Boron 10 375 578
Cadmium /s& l 0.4 <0.4 <0.4
Chromium ju& i 1 16 24
Copper 1 8 56
Lead 1 62 38
Nickel / ig f i 1 12 8
Selenium 1 <1 <1
Vanadium MQfl 1 13 9
Zinc / ig n 1 16 12
Mercury 0.05 0.06 0.075
PAH (Total) 0.01 188 139
Sulphate mg4 3 296 218
Chrloride mg'! 10 42 58
Ammoniacal Nitrogen as HH4-N mg'! 0.2 0.3 0.6
Case 14 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk 
Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
------------- :--------------------------------------------y
4. If any, what additional comments would you like to make about your
assessment of this site?

Case 15: Proposed low-rise residential flats with landscaping
The site is 2.5 hectares in size and is currently part open space and part student 
accommodation, developed in the 1960s. The site was first developed for residential 
use in 1920s.
The adjacent land uses comprise open fields to the south and west of the site and 
residential land to the east and north. The residential areas were first developed for 
this use from open fields in 1920s. A nature reserve 500m from the western site 
boundary. There are no surface water courses within 1 km of the site boundary. 
The site is underlain by a minor aquifer.
The ground conditions of the site are summarised in Figure 15.1 below; Made 
Ground (clayey material) underlain by clay and sands and gravels. The previous site 
investigations carried out include; trial pits, window sample holes and boreholes to a 
maximum depth of 25m. Contamination test data, including gas monitoring results 
are attached. Table 1c: soil test data, Table 2c: gas monitoring results, Table 3c: 
water test results.
Figure 15.1: Site plan and indicative borehole log
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Case 15
Table 2c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC W SD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * — -_ 20.3 '-------.--- 19.8 ~ 21 20.2 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane * <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.5 7.2 6.8 7.6 7.3
Arsenic 1 4.0 3.2 <1 <1 <1
Boron MQft 10 170 255 <10 <10 <10
Cadmium MQft 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium MQft 1 3 2 3 1 3
Copper 1 4 4 3 <1 3
Lead ■ 1 <1 <1 <1 <1 <1
Nickel u o n 1 4 3 4 1 4
Selenium 1 1 <1 2 <1 <1
Vanadium 1 7 6 2 3 2
Zinc 1 21 18 12 9 7
Mercury m q k 0.05 <0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulphate nWI 3 12 23 50 75 32
Chrloride 10 55 67 32 50 75
Ammoniaca! Nitrogen as HH4-N m&i 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Case 15
Case 15 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
   >
4. If any, what additional comments would you like to make about your
assessment of this site?
Case 16
Case 16: Proposed residential flats with landscaping
The site is 1.5 hectares in size. The site contains former brick works adjacent to the 
site are former pits filled in the mid 1900s. The brick works ceased to operate in the 
mid 1900’s since which time the site has been used as warehouses to the south and 
remained vacant to the north.
The adjacent land uses comprise open fields to the south. The north and east are 
areas of former industrial land (including gas works). ‘River K’ is 50m from the 
western site boundary, classified as under EA General Quality Assessment (GQA) 
Scheme as grade B (chemical and biological), beyond which is residential land. 
There is a designated ecological SSSI located along the banks of the river within 
500m of the site. The site is underlain by a non aquifer.
The ground conditions of the site are summarised in Figure 16.1 below; Made 
Ground (including demolition rubble) underlain by clay. The previous site
investigations carried out include; trial pits, window sample holes and boreholes to a 
maximum depth of 30m. Contamination test data including gas monitoring results 
are attached. Table 1a: soil test results, Table 2b: gas monitoring data, Table 3a: 
water test results.
Figure 16.1: Site plan and indicative borehole log
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Case 16
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997-1015 997-1015 997- 1015 997- 1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * ■— 20.3 16.5 17.9 16.8 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Samples could not be taken from the clay strata in WSD and WSE.
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural
CONTAMINANT Units
Detection
Limit
pH pH Units 7.8 7.2 7.5
Arsenic / jg f l 1 55 15 28
Boron / '& ! 10 500 770 380
Cadmium M & l 0.4 <0.4 <0.4 <0.4
Chromium / ig f l 1 21 32 22
Copper 1 10 75 100
Lead 82 50 65
Nickel 16 11 23
Selenium 1 <1 <1 <1
Vanadium 17 12 5
Zinc 1 21 16 32
Mercury 0.05 0.08 0.1 0.06
PAH (Total) A ff* 0.01 250 185 220
Sulphate mg/i 3 395 290 312
Chrloride mgfl 10 56 77 74
Ammoniacal Nitrogen as HH4-N mg'! 0.2 0.4 0.8 0.9
Case 16
Case 16 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
High Risk 
- Moderate Risk 
Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
 : ►
4. If any, what additional comments would you like to make about your
assessment of this site?
fCase 17
Case 17: Proposed residential flats with landscaping
The site is 2.5 hectares in size and is currently part open space and part student 
accommodation, developed in the 1960s. The site was first developed for residential 
use in 1920s.
The adjacent land uses comprise a industrial park car park to the west, vacant land 
to the south (former light industrial land uses including car workshop and 
warehouses) and open fields to the north. There is a river that runs adjacent to the 
eastern boundary of the site (within 50 m), beyond which is public open space and 
residential housing. The river is classified as under EA General Quality Assessment 
(GQA) Scheme as grade B (chemical and biological). There are no designated sites 
of ecological interest within 1km of the site boundary. The site is underlain by a 
major aquifer and falls within an Inner Source Protection Zone.
The ground conditions of the site are summarised in Figure 17.1 below; Made 
Ground (gravelly material) underlain by sands and gravels. The previous site 
investigations carried out include; trial pits, window sample holes and boreholes to a 
maximum depth of 20m. Contamination test data, including gas monitoring results 
are attached. Table 1c: soil test data, Table 2b: gas monitoring results, Table 3b: 
water test results.
Figure 17.1: Site plan and indicative borehole log
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Case 17
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997-1015 997-1015 997-1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * ■— ■_^ 20.3 ■— 16.5 ■— 17.9 ■------- ^ 16.8 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0 7.2 7.5 7.3
Arsenic 1 41 11 21 9 6
Boron 10 375 578 285 165 113
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium / jg f i 1 16 24 17 14 14
Copper 1 8 56 75 24 17
Lead 1 62 38 49 8 24
Nickel 1 12 8 17 8 <1
Selenium /s& l 1 <1 <1 <1 <1 <1
Vanadium / jg / i 1 13 9 4 2 7
Zinc /,19ft 1 16 12 24 6 14
Mercury / * & 0.05 0.06 0.075 <0.05 <0.05 <0.05
PAH (Total) 0.01 188 139 165 117 90
Sulphate mg/i 3 296 218 234 206 193
Chrloride mgft 10 42 58 56 48 47
Ammoniacal Nitrogen as HH4-N mg1 0.2 0.3 0.6 0.7 0.2 0.2
Case 17
Case 17 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as  appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 : ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 18
Case 18: Proposed residential housing with gardens
The proposed development layout includes open public space to the north east over 
areas of deep made ground.
The site is 2.0 hectares in size and covers a former brick works in operation from 
1886, and later a leather works in mid 1900s. Historical maps show evidence of pits 
within the north of the site until 1938 when the area appears to have been filled. 
Currently the site contains a number of vacant brick buildings, to the south and 
vacant land to the north.
The immediate adjacent surrounding land uses comprise vacant land to the east and 
south of the site, formerly light industrial land uses including warehouses, car 
workshops and showrooms. The north and west of the site are areas of open fields. 
Within the surrounding open fields a designated ecological SSSI area is located 
500m to the north east of the site. The site is underlain by a non aquifer. The 
closest water course is ‘River M’ located 500m to the north east of the site boundary, 
classified as under EA General Quality Assessment (GQA) Scheme as grade B 
(chemical and biological).
The ground conditions of the site are summarised in Figure 18.1 below; Made 
Ground (clayey material including demolition rubble) underlain by clay. The previous 
site investigations carried out include, trial pits, window sample holes and boreholes 
to a maximum depth of 25m. Contamination test data including gas monitoring 
results are attached. Table 1a: soil test data, Table 2c: gas monitoring results, Table 
3c: water test results.
F igure 18.1: Site plan and indicative borehole log
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Case 18
Table 2c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997- 1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 19.8 * — 21 20.2 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane * <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Samples could not be taken from the clay strata in W S C , W SD  and W SE.
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units 7.5 7.2
Arsenic /jg A 1 4.0 3.2
Boron 10 170 255
Cadmium A'9-4 0.4 <0.4 <0.4
Chromium jug /l 1 3 2
Copper MO/l 1 4 4
Lead / ig n <1 <1
Nickel f /g / i 1 4 3
Selenium A ff* 1 <1
Vanadium / j§ n 1 7 6
Zinc m q a 21 18
Mercury / tg n 0.05 <0.05 <0.05
PAH (Total) / ig n 0.01 <0.01 <0.01
Sulphate m&l 3 12 23
Chrloride r n ' i 10 55 67
Ammoniacal Nitrogen as HH4-N m 'l 0.2 <0.2 <0.2
Case 18
Case 18 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
 : >.
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 19
C ase 19: P ropo sed  res identia l fla ts  w ith  car parking  and  
lim ited  land scap ing
The site is 2.5 hectares in size and is occupied by student accommodation. The 
history of the land use on the site is unknown.
The adjacent land uses comprise residential areas to the south, east and north of the 
site. The west of the site is an area of open fields. A designated area of ecological 
interest is located 500m from the eastern site boundary. Historically the site has 
been surrounded by open fields first developed for residential use in the 1920s.
The site is underlain by a non aquifer and there are no surface water courses within 
1 km of the site.
The ground conditions of the site are summarised in Figure 19.1 below; Made 
Ground (gravelly material) underlain by clay. The previous site investigations carried 
out include; trial pits, window sample holes and boreholes to a maximum depth of 25 
m. Contamination test data, including gas monitoring results are attached. Table 1a: 
soil test results, Table 2a: gas monitoring data, Table 3b: water test results.
Figure 19.1: Site plan and indicative borehole log
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Case 19
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * — 10.1 2.1 ----- 6.6 ___ 8.7 ■— .__ 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0 7.2 7.5 7.3
Arsenic M & i 1 41 11 21 9 6
Boron 10 375 578 285 165 113
Cadmium / ig n 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium 1 16 24 17 14 14
Copper MQ/l 1 8 56 75 24 17
Lead / ig fl 1 62 38 49 8 24
Nickel 1 12 8 17 8 <1
Selenium mqh 1 <1 <1 <1 <1 <1
Vanadium 1 13 9 4 2 7
Zinc / jg f! 1 16 12 24 6 14
Mercury 0.05 0.06 0.075 <0.05 <0.05 <0.05
PAH (Total) 0.01 188 139 165 117 90
Sulphate mg'! 3 296 218 234 206 193
Chrloride mg'! 10 42 58 56 48 47
Ammoniacal Nitrogen as HH4-N mgl 0.2 0.3 0.6 0.7 0.2 0.2
Case 19 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk 
Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
 : >.
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 20
Case 20: Proposed residential houses with gardens
The site is 2.5 hectares in size and is vacant. The site has been formerly used as 
student accommodation. The site was first developed for residential use in 1940s.
The adjacent land uses comprise an industrial park car park to the east, vacant land 
to the south (former industrial land uses include, car workshops and gas works) and 
open fields to the north and west. There is a river located 500m from the northern 
boundary of the site, classified as under EA General Quality Assessment (GQA) 
Scheme as grade B (chemical and biological). A drainage ditch has been noted 
running from the site across the open fields to the north. A National Nature Reserve 
is located to the east of the site 100m from the site boundary. The site is underlain 
by a minor aquifer.
The ground conditions of the site are summarised in Figure 20.1 below; Made 
Ground (gravelly material including some demolition rubble) underlain by sands and 
gravels. The previous site investigations carried out include; trial pits, window 
sample holes and boreholes to a maximum depth of 25m. Contamination test data, 
including gas monitoring results are attached. Table 1b: soil test results, Table 2c: 
gas monitoring data, Table 3b: water test results.
Figure 20.1: Site plan and indicative borehole log
Made Ground 
Ave 1.5 m thick Open fields
▲
Kl
V  Water strike
Ave. 8 m bgl
Sands and gravels 
(minor aquifer)
Window 
0  sample hole
Key
^  Trial pit
Site
boundary
Ope
Industria l
(car park)
Direction of 
topographical 
fall across siteVacant
Investigation point 
sample data not 
reported
m bgl = meters
below ground level
Ta
bl
e 
1b 
: S
oi
l 
Te
st
 R
es
ul
ts
A3
 
ve
rs
io
n 
of 
thi
s 
ta
bl
e 
is 
su
pp
lie
d 
se
pa
ra
te
ly
. 
A 
co
py
 
is 
in
cl
ud
ed
 
he
re
 
fo
r 
co
m
pl
et
en
es
s.
I 
WS
E 
I
<0
sd
TJC30
<5
1
8
.......?0>.......
«o
... 
J®
!.......
0.6
75 in COV
oes
szoo
c
V 5.3
25
<0
.15 <0«c CM
in
V • • 09
00
o
©
©
©
<0
.01 ©o'V
coV <0
.01
<0
.01
038 1.5
5
10
.5
0.6
5 I** incCO
ind"M1 43
.5 in
CM
I 
SOS in<0 in 13
.5
20.
5 
I
CH
22.
5 
1
280
 
1
I 
W
SD
1.9
-2.
0
Na
tur
al 
str
ata
N COoV 04 11
.25 <0dV
o COV Em 0.0
34 ©inV <0
.15 CO V inV ■ •
COK
CD©
o so
c©V
©dV
GoV
coV
COV
OoV
CD CMO
o 0.0
05 'M-©oV 0.
01
4
Id 0.0
12 CDOO
CD©© 0.0
48
5 in0© 8© 0.0
26
0.0
41
5
0.0
25
 
I
0.0
07
5 
I
0.0
33 
|
in
O
oCO£ 3.5
-3.
6
Na
tur
al 
str
ata
COdV O) h-
in COdV
04 *v oo
c
V
CMdV <0
.15 CM'w inV • •
CM
K $© <0
.01 coV <0
.01 ooV
c
oV
I 
10'0> 
I
<0
.0t CO so
| 
SI 100 0.0
06
5
0.0
16
0.0
44
5
©© 8O ©
1 
3900 © d SO 8© 0.0
47 
I
a
0©
| 
ssoo Rd
03CO
5
I 
1.0
-1.
1
Ma
de 
Gr
ou
nd
-
COdV
tn - o<0
COdV
in COV COCM 0.5
25 ©inV 0.8
25 oV
CM V • * CDsio
CdV <0
.01
<0
.01 odV
coV
CdV
OoV
O
5)
mtSjo 0.4
45 
1
0.2
65 
1
inm0
inc
cm’
inci ind ind Oi
ind O inci in© CDCO
P in
CLH
1 
1.5
-1.
6
I 
Ma
do 
Gr
ou
nd
2 COoV
<004 in K COoV
<0in COV S3 0.0
22 sV • <0
.15 V V
in
V
No
ne 
de
tec
ted
• CDCD
COoo
CMoo
c
i
O o ©
<0
.01 © o8 o© 0.0
11
5 
1
©oV 0.0
17
5 
I
0.1
05 
I
CMOd
| 
si ro
Oi©d &©
\ 
ssoo
| 
SSO'O 0.0
29
5 
I | 
ssoo ©0©
| 
9000 0.0
37 
|
h-©
O
CLh-
I 
0.5
-0.
6
•g
IO9■c
oCO
COdV CO
COOCOCOdV
COV CM 0.0
83 oinV
1 
26
.25 oa
o CD V
in
V
1 N
one
 d
ete
cte
d 
1
■ CDh-*
03*Do 8o
cdV
ooV
©oV
5oV
O©V
\ 
<0
.01
 
1
8
s
| 
ooose
m
8 om
in
8
0 ©01
m
CO
©inCD
©© s ©©CM
in
CMinOi
inh- ©CD
inN inCD8CD
&►-
I 
0.7
-0.
8
I 
Ma
do 
Gr
ou
nd
CM
COdV
in04 CMinCD
CO
OV
o04 COV COCO $od
incvi CM
I 
<0
.15 COCD CMCO
“O
19039CoZ
■ N
in■M-
o* 8
ooV
OoV
ooV
1 
<0
.01
 
I
ooV
OOV
Ooo
ino>CM
inin
cm'
inm
o
in in
8 o> 8
inin
p in
dCO
ON
in p ininCMh»
CDCMin©
I 
TP
8 1#
£o
I 
Ma
do 
Gr
ou
nd
CO O
I 
16
8.7
5 ino COV R
COCO
o
oinV •
in
©V
0> V Tf
~o9V2
■89
OZ
• CD
©COo
©dV
©oV
©dV
odV
©dV
odV
OdV
oo
8
©Oiin in 3: CO
CD8 O 8 Oits. S inin CO«0 in CMin
«
I 
TP
7
90-30 
| I 
Ma
do 
Gr
ou
nd
- ind
CO04 in3
CON COV
in
CO
__
_
0.3
60 8V •
in
oV
CD 'w
in
’v
1 N
on
e 
de
tec
ted
• COCMd
ooV
ooV
ooV
ooV
o ooV
odV
8CO
inCOo
inCO 'M? COinin inCMinCDCOCM04
CMCO
inCOpCM
CMininoi
inCO©CM
<0&H
I 
0.5
-0.
6
I 
Ma
do 
Gr
ou
nd
CM<0oV
ino in3
COdV
OJ COV o 0.2
55 ©inV •
I 
<0
.15 8 CO §
1 N
one
 d
ete
cte
d
• Oik:
CD
d
o
oV
ooV
©
oV
I 
<0
.01
 
|
1 
<0
.01
 
1
ooV
o
dV
oCO COd 0.3
25
 
|
&
0 0.2
55
 
|
in 0)O
in
K
inin
in
CO
inCM«0 in
inKCM
inCDCO
N.
O
in©CO
CD
IS>ah-
1 
1.4
-1.
5
I 
Na
tur
al 
str
ata
© COoV
COo
I 
15
.75 CON COV 3 0.0
02 oinV •
I 
<0
.15 - ’v
in
V
1 N
one
 d
ete
cte
d 
1
• hi
inod
ooV
ooV
ooV
Q©V
1 
<0
.01
 
1
ooV
ooV
inCM Ro
inCDo
in
d
in0)©
0 in<0
CM*
in
d
in
CM* ind 00
in
0 in CD
inin
V
o> CDo>
I 
TP
4 C0
so
I 
Ma
do 
Gr
ou
nd
S
COoV
in o>
inCMdin
COoV 3
COV Rco
£800
oinV Em
CDOio - V
in
V
*o9ts
9a
9
xu:
• CD
inh*.o
CDMO
©oV
©oV
o OoV
©oV
oo*V
O
§
o
CM
CO 8 inm 8 in04
inin 8 s 8 § 8 00©
in CMV
OO
£H-
I 
0.2
-0.
3
I 
Ma
do 
Gr
ou
nd
COCO
*3 N
oCOoo<o
COdV
in COV COR 0.1
28 8V ted CM
in
1 N
on
e 
de
tec
ted
• CDK
CMino
oo<d
odV
ooV
o odV
ooV
odV
©©oCM
Oodo 1 s 8CM
O0 in 0 ©01
0
s
©
8
©OiCM M^
0h- O04 8
p
CM
OCD 8©CD
Na.i-
I 
2.0
-2.
1
I 
Ma
do 
Gr
ou
nd
COdV
O K o8
COdV
o COV s 0.1
50 inKin COo
I 
<0
.15 o V in
1 N
one
 d
ete
cte
d
■ 0)N
CDCMo
o
OV
ooV
ooV
1. 
<0
.01
 
|
odV
o
dV
o
oV
in inh-o
CDCMO 2 CD
inCOO CD in COCO
inCOCO
00CM
in0>eO
«o
CM
in
d c0CMinin
1 
TP
1
I 
0.5
-0.
6
I 
Ma
do 
Gr
ou
nd
CO04 COo §in
COoV N
COV CO 0.0
75 CO •
N
o 3 CM
CDin
■o
f
&
1
• CD<0o ooV
o©V
ooV
ooV
ooV
ooV
1 
<0
.01
 
I
ooinh- 80.
00 
I
in CDCMin OmCD
0inCM
OO O001
0CDCO
O
8
in
5
inCO in8
© o> O8 ©
£
£
sH
i
X
}
I 
Gr
ou
nd
 t
yp
o
f l
2 "
COCOd w>* COCMCOd o>d «0 ©cm 0.0
03 8 3 £d - - u> oo - 5d 5d dd od dd dd 5d dd dd Sd 0.00
5 
\
0.0
14 
\
0.0
12 
\
0.02
1 
i | 
6000 8cs 3d 0.01
2 
I
5d 0.0
16
 
|
c>
CM
d
d
O
d d 0d 0.02
5 
1
*
2 16
IP
I' 1E 16 1
irOj
e
tfytiuj 16
I
E "S
iE a 1E
1E
| £pE
3N0N 2
£
5R ©E
5eE 1E 1 ! rr>
Q‘h
j 
1
If 1
1
§
8
\
! !
5
? ChE
I 
CtyPu/
$©E
£ 0E
5
1 E
t
i 1
5
I
£
g
Ioo lAr
so
nic
| C
ad
mi
um
I C
hro
mi
um
aa
8
■*oa
2
*
§92
1Mz |Se
len
ium
 
I
£N Wa
ter
 S
olu
ble
 S
ulp
ha
te 
as
 
S0
4 
2:1
 E
xtr
ac
t
[Ac
id 
So
lub
le 
Su
lph
ide
 
I
ITo
tal
 O
rga
nic
 C
arb
on
"5
1 To
tal
 C
yan
ide
 
1
£
19
£
z
8
l
.§
E<
I
8 iCa
lor
ific
 V
alu
e 
1
To
tal
 S
ulp
hu
r 
I
CM
o
oacO IMT
BE
 
|
euazueg
9C
J
euezueq (Aqjg
I
a00
E
•1*Xo TPH
 
(AD
ph
atic
s 
an
d 
Aro
ma
tics
 C
5-C
35
)
PAH
 
by 
GC
MS
 
1
1 N
ap
hth
ale
ne
 
1
i
I<
£
*
§< iFluo
ren
e 
I
9c2
|c
I lAn
thr
ac
en
o 
I
2
|
|Py
ron
e 
I
9
s
■5
I3NC
<2 ICh
rys
en
e 
I
9
2
12‘0
<2
2
1
§
$■5
&
2
•§N
1
2
1
1c
9c9
C■5
2
tc2b
I
I
?
I
<2 IPA
H 
16
To
tal
 
1
Case 20
Table 2c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997- 1015 997-1015 997-1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 19.8 21 20.2 ---------- 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane * <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0 7.2 7.5 7.3
Arsenic 1 41 11 21 9 6
Boron 10 375 578 285 165 113
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium /.igH 1 16 24 17 14 14
Copper 1 8 56 75 24 17
Lead 1 62 38 49 8 24
Nickel 1 12 8 17 8 <1
Selenium / jg / i 1 <1 <1 <1 <1 <1
Vanadium / * & 1 13 9 4 2 7
Zinc f ig f l 1 16 12 24 6 14
Mercury 0.05 0.06 0.075 <0.05 <0.05 <0.05
PAH (Total) / jg / i 0.01 188 139 165 117 90
Sulphate mg'! 3 296 218 234 206 193
Chrloride mg'! 10 42 58 56 48 47
Ammoniacal Nitrogen as HH4-N mg',1 0.2 0.3 0.6 0.7 0.2 0.2
Case 20
Case 20 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
 : >.
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 21
Case 21: Proposed residential housing with gardens
The site is 1.5 hectares in size. The site was used as a brick works in operation from 
1886. The buildings were demolished in mid 1900s and the land has remained 
vacant since. It is anticipated that pile foundations will terminate in the clay.
The adjacent land uses comprise open fields to the north and east. The site is 
located 50m from ‘River O ’ and ‘River P’ along the south and west boundaries 
respectively, beyond which is residential land. Both rivers are classified as under EA 
General Quality Assessment (GQA) Scheme as grade B (chemical and biological). 
Historically the land use surrounding the site has not varied significantly, first 
developed in 1920s for residential use. There is a designated ecological SSSI 
located 500m from the northern site boundary. The site is underlain by a minor 
aquifer.
The ground conditions of the site are summarised in Figure 21.1 below; Made 
Ground (clayey material including some demolition rubble) underlain by clay and 
sands and gravels. The previous site investigations carried out include; trial pits, 
window sample holes and boreholes to a maximum depth of 25m. Contamination 
test data including gas monitoring results are attached. Table 1c: soil test results, 
Table 2a: gas monitoring data, Table 3b: water test results.
F ig u re  21.1 : Site plan and indicative borehole log
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Case 21
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997- 1015 997-1015 997-1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 10.1 2.1 " — 6.6 8.7 '— ._____ 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3b : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 6.8 7.0 7.2 7.5 7.3
Arsenic 1 41 11 21 9 6
Boron / ig n 10 375 578 285 165 113
Cadmium / ig n 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium MQft 1 16 24 17 14 14
Copper Man 1 8 56 75 24 17
Lead MQft 1 62 38 49 8 24
Nickel M & l 1 12 8 17 8 <1
Selenium M &! 1 <1 <1 <1 <1 <1
Vanadium Man 1 13 9 4 2 7
Zinc Man 1 16 12 24 6 14
Mercury Man 0.05 0.06 0.075 <0.05 <0.05 <0.05
PAH (Total) Man 0.01 188 139 165 117 90
Sulphate mg'! 3 296 218 234 206 193
Chrloride mgn 10 42 58 56 48 47
Ammoniacal Nitrogen as HH4-N mgl 0.2 0.3 0.6 0.7 0.2 0.2
Case 21
Case 21 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as  appropriate)?
High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1  2  3  4  5
very uncertain very certain
■ : ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 22: Proposed flats with landscaped areas
The site is 1.5 hectares in size. This historical maps show that the former site uses 
includes a brick works and more recently car workshops and showrooms. Historical 
maps also show areas of pits filled in the 1930s in the northern part of the site.
The adjacent land uses comprise vacant land to the east and south of the site. To 
the west and north of the site are open fields. There are no areas of designated 
ecological interest within 1km of the site. Historically the only development around 
the suite has been residential.
The site is underlain by a non aquifer. There are no surface water courses within 1 
km of the site.
The ground conditions of the site are summarised in Figure 22.1 below; Made 
Ground (including demolition rubble) underlain by clay. The previous site
investigations carried out include; trial pits, window sample holes and boreholes to a 
maximum depth of 20 m. Contamination test data including gas monitoring results 
are attached. Table 1b: soil test results, Table 2c: gas monitoring data, Table 3a: 
water test results.
Figure 22.1: Site plan and indicative borehole log
O pen fie ld s
: © WSB 
TP1
Perched water 
Ave. 1.5 m bgl A re a  o f  f i l le d  
p its  ~j
W SAMade Ground
Ave 2.5 m thick
(up to 8 m to the north) O pen fie ld s  /  ^
TP4Clay (fissured)
V a can t
la n d
W SCKey
kJ  Trial pit
TP5
TP7
Window 
©  sample hole
WSE
Site
boundary
TP9
TP10
B^HC
Investigation point 
sample data not 
reported
V acan t la n d D ire c tio n  o f  
to p o g ra p h ic a l
fa l l  a c ro s s  s ite
m bgl = meters
below ground level
Ta
ble
 
1b 
: S
oi
l 
Te
st
 R
es
ul
ts
A3
 
ve
rs
io
n 
of 
thi
s 
ta
bl
e 
is 
su
pp
lie
d 
se
pa
ra
te
ly
. 
A 
co
py
 
is 
in
cl
ud
ed
 
he
re
 
fo
r 
co
m
pl
et
en
es
s.
I 
W
SE
 
|
1 
0.
5-
0.
6 
1
1 
Mo
de
 
Gr
ou
nd
 
1
85
1
 
6'0> 
|
cfl
1
 
£87 
] I 
0.
67
5 
I
in COV
I 
33
0 
I
0.
07
5
| 
0S> 
| I 
5.
32
5 
I
<0
.1
5
1
 
59 
|
CM
<
15 • • CO
00
o
CO
o
C
8 <0.
01 O
d
V
1 
<0
.0
1
<0
.0
1 o
dV 8
50
1 
SS't 
I
S
O
I
inID
o -
N
3.
05 ind CO 21
.5
20
.5 ©CO © 13
.5 
I | 
SOS 
|
©
si
1 
28
0 
1
I 
asM 
I 1 
1:
9-
2.
0 
1
1 
Na
tu
ra
l 
st
ra
ta
 
1
N
CO
o
V =
inCM COo
V
o <0
V Em
0.
03
4 8V •
I 
<0
.1
5 
I
CO "y mV • ■ COh: oo 8o CoV
O
o
V
o
o
V
G
o
V
O
o
V
o
d
V
ID
T 8o
| 
SOO’O
<0
.0
14
 
1
0.
01
4
S
O
CM
C
o
©o
d
too
d
| 
S
8K
T0
8
d
8
o 0.
02
6 
1
0.
04
15
 
1
i 
0.
02
5 
1
1 
0.
00
75
 
| | 
eeoo 
|
©
o
I 
OSM 
| 1 
3.
5-
3.
6 
1
1 
Na
tu
ra
l 
st
ra
ta
©
CO
bV
o K ©
CD
o
V
CM COV
0.
01
7 omV
CM
oV <0
.1
5 
■
CM V
in
'v • •
CM
N 8.O
c
oV
c
oV
o
dV
o
dV
c
8
o
oV
o
dV
CO s
©
I 
s
u
o
o
0.
00
85
 
1
0.
01
8
0.
04
45 o
©
s
©
s
o 0.
06
5 6
O ©
©
o
©
8
o 0.
04
7 
1
I 
0.
01
35
 
| | 
ssoo 
|
©
h-
d
I 
W
SB
 
I | 
ru
n
 
-
1 1 
Ma
de
 
Gr
ou
nd
 
1
-
r t
oV
in
=
oCD
CO
8 in COV COCM
8If)
o
oin
V
I 
0.
82
5 
I
<0
.1
5
CM V £ • • 008O ©8
o
oV
o
oV
o
dV
C
8
o
oV
o
oV
o
CO o
in
o
!2CM
o
&
o
N G
CM
in
CM b
©
d 0) ©d o ©oi ©O CDCO © ©
I 
TP
11
 
I
1 
1.
5-
1.
6 
I
1 
Ma
do
 
Gr
ou
nd
 
1
a>COd
V s
© N
CD
dV
<0in COV 8
CMCMo
o
s
V •
I 
<0
.1
5 
1
V V V
1 
No
ne
 
de
te
ct
ed
 
1
•
00
d
COo
d
CMO
o
c
o
V
o
o
V
o
d
V
5
8
o
oV
o
oV
o
3
o
d 0.
01
15
 
1
©
o
V 0.
01
75
 
1
1 
0.
10
5 
1
CMO
o
I 
0.
11
5 
1
©o
o’
8
o
| 
sso
o
| 
sso
o
0.
02
95
 
1 | 
ssoo 
I
s
©
©oo
o
Eoo
o
N
d
I 
T
P
tO
I__
__
0.
5-
0.
6
LM
ad
o 
G
ro
un
d
cnCO
CO
o
V 0)
CO O
n*
CD
o
V S
CO
V CM
__
__
_0
.0
83 oinV
I 
26
.2
5 o<d
O
00 V V
I 
No
ne
 
de
te
ct
ed
•
CO
K
CO<D
d
8
o
G
o
V
o
o
V
o
d
V
O
o
V
o
o
V
o
o
V
o©©GO
1 
85
0.
00
 
1
in
s
oin
inCMCM
OOa> minCO ©©© o oh- ©OCM ©©CM ©cn©N 8 ©N* ©CD800
CL1-
I 
0.
7-
0.
8 
|
1 
Ma
do
 
Gr
ou
nd
 
1
CM
CO
o
V
©CM
CDCM inCD CDo
V 8 COV
CO
CO 0.
09
8 in
CM CM
in
O
V
COCD CMCO
~o%9
“8
9Co
z
•
inM1
o 8 ooV
o
d
V
o
dV
o
8
O
o
V
o
d
V
OOO
in
o
CM
inin
CM
inin
o
in in
3
o> s ©©
©
dM
©
8 S
© © ©
©‘CM
fN. CDCM ©CD
£
I 
0.
3-
0.
4 
|
1 
Ma
do
 
Gr
ou
nd
 
1
CD cOoV
O
^r
1 
16
8.
75
 
1
in
o COV 8
0.
23
3 om
V •
1 
<0
.1
5 
I
O) V 3
I 
No
ne
 
de
te
ct
ed
 
1
•
CD
K
oCO
o
©
b
V
o
o
V
o
o
V
o
o
V
O o
oV
o
d
V
©o8
©©
in in -
CO ts © §
o a>
o>
o>K 9 ©© CO© © Nt CM© 8CD
&
I 
0.
5-
0.
6_
__
_
I
1 
Ma
do
 
Gr
ou
nd
 
1
=
TT
o
CO
CM
in
3 8 N «0V
m
CO
©
CO
o
8
V -
1 
<0
.1
5 
I
CO
V
in'y
■§
$
«T3
9Co
z
• CO CMo
o
<5
o
8
o
8
o
8
O
oV
o
8
o
oV
S inCO
o
inp N inM; in
in
CMM
©
CDCO oi CM
CM
CO
©
CO
©
CM
CM in
CM
©
CO
ONtCM
1 
TP
# 
I
CD
o
©
1 
Ma
do
 
Gr
ou
nd
 
1
CM COd
V
IDO inn*
CD
o
V
CM COV
mo
0.
25
5 oin
V •
in
o
V
CO0> CO 8
I 
No
ne
 
de
te
ct
ed
 
1
•
0)
h.
ID
o
o
<3
o O
oV <0
.0
1 
|
o
8
O
8
o
8
oCO
CD
d 0.
32
5 
|
&
o 0.
25
5 
|
in 0>
O
© ©
©
©
CO
©CM<0©
©
oi
©©
d
N N
o
©o
CO
©Nf
ina.
►-
I 
1.
4-
1.
5 
I
1 
Na
tu
ra
l 
st
ra
ta
 
1
in
CO
oV
CD O
1 
15
.7
5 
I
CD
oV
N COV
©CM 0.0
02 oin
V •
1 
<0
.1
5 
I
- V
in
V *82
O
z
• K
in
O
o
o
oV
p
oV
o
8
O
oV
Q
OV
o
8
O
oV
inCM R
o
in
CD
o
K
o
in
o>
o
o inCO
CM
©to©CM ©© © ©o © CD©© CO CD©CD
2
h-
(0
g
o
1 
Ma
do
 
G
ro
un
d
a
CO
8 ©
in«o
inCM
CDm
CD
8 S COV 8CO
COCOo
o
om
V Em
COCT)
o
- V
in
V
■8
28
S
J5
LT
•
CM
(D
inIs.
o
CT>•M-
O
o
oV
o
dV
o
8
o
8
O
8
o
8
o
§
o
CM
eO 3 U) s
©
CM
©© 8 ©N- 8 9 s ©3 © CM
O
O
1
 
M
l 
I
CO
i
o
1 
Ma
do
 
Gr
ou
nd
 
1
CO COd
V
f*- s
oCOCO
CD
8 in coV
COOCM 0.
12
8 8
V •
&
d
8 h- inV
TJ9rs9
"5T3
9Co
z
■.
00
N
CMin
o
OO
ID
o
oV
p O
8
O O
oV
o
dV 120
00
70
0.
00
 
1
oID S
O8
oo in
fe
Oo©
O
© 8CO©cr>CM ©Em Oh- 8 8 ©M*CM oCO
ooOCD
N
CL
H
1 
2.
0-
2.
1 
' 
I
1 
Ma
do
 
G
ro
un
d
CO
CO
d
V
O r- oCOCM
CD
o
V
o COV CO00
0.
15
0 ©
Nin
CO
o
I 
<0
.1
5 
I
o 'y V I■o9
I
• 0*N
COCM
o
O
8
o
o
V
o
o
V
o
o
V
o
8
o
o
V
o
8
in inh-
O -
<oCM
o
CDinoq o © ©CO ©©CO <oCM ©0)CO COCM ©o COCM ©©
&
| 
90-30 
| 1 
Ma
do
 
G
ro
un
d
CD CM CO o
o
CMin
(0
o
V N
CO
V CD
0.
07
5 inCO •
N
o 3
CM COin 1
s
I
• id
«0
o
O
oV
o
8
o
8
o
8
I 
<0
.0
1 
1
o
8
O
8
©oin
N 80
.0
0 
1
in ©CM
in s
©
s
CM
oo i o8 oa>CO © © ©CDCO oCMCO a>Nf OCOCM
OooCD
IS.
8
i -
1
I
G
ro
un
d 
ty
po
f l «0COb ©* <0 cm COb o>b co ©
COOO 5? CMb ©b - - © § - bb Sb 5b Ob 5b bb 5b bb bb 5b 0.00
5 
|
0.01
4 
|
CM
©
b
§
b 0.
00
9 
1
0.
02
5 
|
b 0.01
2 
I
b
b
CD
©
b 0.02
5 
\
0.01
2 
1
©
b
| 
800 0 
|
b
b
©
b
I
1 
mo/k
a  
1 | 
| 1 
mtfV
 
1
1 
mato
a 
1
I 
mo/k
a 
I
1 
rnz'k
g 
\
1 
m'h
i  
1
1 
1
1 
\
%
f
£
e 1
1 
mff
aj 
\
1 
mo/k
a 
1
16
1 
NO
NE £
2
•j
5
S
*
1 
mote 
\
16
| 16 mo/k
a 
1
1 
mo/k
a 
1
1 
mq
/k1 
1
I
I
5
e
e rn
rj'
fe
T 
|
rn
a*
<j
 
| I
1
s
1
e
16
$
!
5
a
S
1
E
1
e m
rj-
fe
j 
|
MCJ
E
5
o
e /T
W
fa
j 
|
I 
ffW
fl«
7 
|
1 
md'k
q 
|
i•8
i
o
u (A
rs
en
ic
 
I
(C
ad
m
iu
m
 
I
I C
hr
om
iu
m
 
|
2Q8 TJ.3
3
92
1
§
E3
'§8 £N Wat
er
 
So
lu
bl
e 
Su
lp
ha
te
 
as
 
S0
4 
2:1
 
Ex
tr
ac
t
(A
cid
 
So
lu
bl
e 
Su
lp
hi
de
 
I
|T
ot
al
 O
rg
an
ic
 
C
ar
bo
n
■3c
i 1 Tot
al
 C
ya
ni
de
 
1
9
rs
9
f lA
m
m
on
ia
ca
t 
Ni
tr
w
en
 
as 
N
1
§
<8 | Ca
lo
rif
ic
 
Va
lu
e 
1
S (T
ot
al
 S
ul
ph
ur
 
I
|G
R0
 
(C
4-
C
12
) 
1
IM
TB
E 
I
I B
en
ze
ne
 
1
(T
ol
ue
ne
 
I
9C9NC£
>.
s |m
&
p 
Xy
le
ne
 
I
I
X
o TP
H 
(A
lip
ha
tic
s 
an
d 
An
om
al
ie
s 
C
5-
C
35
)
PA
H 
by 
GC
M
S 
1
9
5  
£
6  
Z
•f.
•G
so
<
2
J
O
< l
a
1
1c
1
9C9
|
<
2
J
i
1
2
1
a
s
E
■e
I
►?
1 (Ch
ry
se
ne
 
I
9C9
f
&O
NC
<2
2
|
1
*oNC&
2
3oNC
<2
9c
1
‘Do
R
9C9
G
rt
S
0N
1
b
§
■&
a
•5
<2 |PA
H1
6T
of
al
 
I
Case 22
Table 2c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997- 1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * ~— 20.3 ~—--------- 19.8 '— 21 20.2 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane* <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0,1% V/V
Table 3a : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5 7.2 7.3
Arsenic /jg A 1 55 15 28 12 8
Boron 10 500 770 380 220 150
Cadmium MQ1! 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium 1 21 32 22 18 18
Copper 1 10 75 100 32 23
Lead 1 82 50 65 10 32
Nickel 1 16 11 23 10 1
Selenium / ig n 1 <1 <1 <1 <1 <1
Vanadium 1 17 12 5 2 9
Zinc 1 21 16 32 8.5 19
Mercury / ig n 0.05 0.08 0.1 0.06 <0.05 <0.05
PAH (Total) M9# 0.01 250 185 220 156 120
Sulphate mg'! 3 395 290 312 275 257
Chrloride mg'l 10 56 77 74 64 63
Ammoniaca! Nitrogen as HH4-N mg'! 0.2 0.4 0.8 0.9 0.3 0.2
Case 22
Case 22 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
 ■ ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 23
Case 23: Proposed residential housing with gardens
The site is 1.5 hectares in size and part of a former brick works site in operation from 
1886, historical maps show evidence of pits immediately to the north of the site until 
1938 when the area appears to have been filled. Currently the site comprises three 
two storey, brick buildings formerly used as car workshops and showrooms.
The immediately adjacent land uses comprise an industrial park to the east and 
south of the site. The north and west of the site are areas of open fields. The site is 
within 100m of a National Nature Reserve. Historically the site has been surrounded 
by open fields, and industrial land uses since late 1800s included; pit areas 
associated with the brick works to the north and in the mid 1900s a gas works to the 
east.
The site is underlain by a non aquifer. There are no water courses within 1 km of the 
site boundary.
The ground conditions of the site are summarised in Figure 23.1 below: Made 
Ground (including demolition rubble) underlain by clay. The previous site 
investigations carried out included, trial pits, window sample holes and boreholes to a 
maximum depth of 20 m. Contamination test data including gas monitoring results 
are attached. Table 1c: soil test results, Table 2b: gas monitoring results, Table 3c: 
water test results
Figure 23.1: Site plan and indicative borehole log
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Case 23
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997-1015 997- 1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 1— ---------- 16.5 ~ 17.9 16.8 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
PH pH Units - 7.5 7.2 6.8 7.6 7.3
Arsenic / tg / l 1 4.0 3.2 <1 <1 <1
Boron /£& 10 170 255 <10 <10 <10
Cadmium / ig n 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium AS 1 3 2 3 1 3
Copper / jg f i 1 4 4 3 <1 3
Lead / jg i i 1 <1 <1 <1 <1 <1
Nickel / /g n 1 4 3 4 1 4
Selenium AStf 1 1 <1 2 <1 <1
Vanadium Afff 1 7 6 2 3 2
Zinc / jg f l 1 21 18 12 9 7
Mercury / ig n 0.05 <0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulphate m'l 3 12 23 50 75 32
Chrloride 10 55 67 32 50 75
Ammoniacal Nitrogen as HH4-N mal 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Case 23
Case 23 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1  2  3  4  5
very uncertain very certain
  — ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 24
Case 24: Proposed residential flats with car parking and
limited landscaping
The site is 1.5 hectares in size. The south west part of the site was used as a gravel 
pit in the early 1900’s, between 1920 and 1935 the pit was filled. The north eastern 
part of the site was part of a former gas works. The site is currently vacant.
The adjacent land uses comprise residential land to the east and south and vacant 
land the west and north. The land adjacent to the western site boundary has been 
used as a gas works site. ‘River Q ’ is located 500 m to the north east of the site. An 
ecological SSSI is located adjacent to the river, 500m from the northern site 
boundary. The site is underlain by a minor aquifer.
The ground conditions of the site are summarised in Figure 24.1 below; Made 
Ground (gravel material including demolition rubble) underlain by sands and gravels. 
The previous site investigations carried out include; trial pits, window sample holes 
and boreholes to a maximum depth of 25 m. Contamination test data including gas 
monitoring results are attached. Table 1c: soil test results, Table 2b: gas monitoring 
data, Table 3a: water test results.
Figure 24.1: Site plan and indicative borehole log
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Case 24
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA WSB WSC WSD WSE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997- 1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen* ___ 20.3 ’ * -— ------ 16.5 17.9 "■— 16.8 ------ 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5 7.2 7.3
Arsenic /ugfl 1 55 15 28 12 8
Boron 10 500 770 380 220 150
Cadmium 0.4 <0.4 <0.4 <0.4 1 <0.4 <0.4
Chromium / t & i 1 21 32 22 18 18
Copper 1 10 75 100 32 23
Lead M'Qft 1 82 50 65 10 32
Nickel M & l 1 16 11 23 10 1
Selenium / jg f l 1 <1 <1 <1 <1 <1
Vanadium /jgA 1 17 12 5 2 9
Zinc 1 21 16 32 8.5 19
Mercury 0.05 0.08 0.1 0.06 <0.05 <0.05
PAH (Total) 0.01 250 185 220 156 120
Sulphate mg1 3 395 290 312 275 257
Chrloride mg1 10 56 77 74 64 63
Ammoniacal Nitrogen as HH4-N mg/i 0.2 0.4 0.8 0.9 0.3 0.2
Case 24
Case 24 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk 
Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
 — ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 25
Case 25: Proposed low-rise residential flats with car parking
and limited landscaping
The site is 2.0 hectares in size and is student accommodation, developed in the 
1960s. The site was first developed for residential use in 1920s. It is anticipated 
that pile foundations for the proposed development will terminate in the clay.
The adjacent land uses comprise a industrial area to the east and north of the site. 
The south and west of the site are areas of open fields. There are no designated 
areas of ecological interest within 1km of the site. Historically the site has been 
surrounded by open fields to the south and west, the land the east and north of the 
site was formerly used as a gas works from the early 1900s.
The site is underlain by a minor aquifer. A  major river is located 50m from the 
western site boundary, classified as under EA General Quality Assessment (GQA) 
Scheme as grade B (chemical and biological).
The ground conditions of the site are summarised in Figure 25.1 below; Made 
Ground (clayey material including demolition rubble) underlain by clay and chalk. 
The previous site investigations carried out include; trial pits, window sample holes 
and boreholes to a maximum depth of 25m. Contamination test data, including gas 
monitoring results are attached. Table 1a: soil test data, Table 2c: gas monitoring 
results, Table 3a: water test results.
Figure 25.1: Site plan and indicative borehole log
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Case 25
Table 2c : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point WSA W SB w s c WSD WSE
Flow Rate (l/h) 0.5 0 0.2 0.1 0.2
Pressure (mb) 997- 1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 ~ 19.8 - — ._ 21 '— .__ 20.2 19.5
Carbon Dioxide 0.8 0.7 0.3 0.2 0.2 0.1 0.2 0.1 0.4 0.3
Methane* <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
* Units % V/V, detection limit 0.1% V/V
Table 3a : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.8 7.2 7.5 7.2 7.3
Arsenic 1 55 15 28 12 8
Boron / jg / l 10 500 770 380 220 150
Cadmium 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium /,igfi 1 21 32 22 18 18
Copper 1 10 75 100 32 23
Lead 82 50 65 10 32
Nickel Man 16 11 23 10 1
Selenium Man 1 <1 <1 <1 <1 <1
Vanadium Man 17 12 5 2 9
Zinc Man 1 21 16 32 8.5 19
Mercury Man 0.05 0.08 0.1 0.06 <0.05 <0.05
PAH (Total) Man 0.01 250 185 220 156 120
Sulphate man 3 395 290 312 275 257
Chrloride mg/l 10 56 77 74 64 63
Ammoniacal Nitrogen as HH4-N mg'! 0.2 0.4 0.8 0.9 0.3 0.2
Case 25
Case 25 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)? 
1 2 3 4 5
very uncertain very certain
 ----------------------------------   y
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 26 : Proposed low-rise residential flats with car parking
and limited landscaping
The site is 2.5 hectares in size and is student accommodation, 
land use on the site is unknown.
The history of the
The adjacent land uses comprise vacant land to the east of the site. The north, south 
and west of the site is an area of open fields. Historically the only development 
around the suite has been residential. The open fields to the west include a 
designated ecological SSSI located 100m from the western site boundary.
The site is underlain by a major aquifer and falls within an Inner Source Protection 
Zone. There is a major river located 500m from the western boundary of the site, 
classified as under EA General Quality Assessment (GQA) Scheme as grade B 
(chemical and biological).
The ground conditions of the site are summarised in Figure 26.1 below; Made 
Ground (sandy material including demolition rubble) underlain by clay and chalk. 
The previous site investigations carried out include; trial pits, window sample holes 
and boreholes to a maximum depth of 25 m. Contamination test data, including gas 
monitoring results are attached. Table 1a: soil test results, Table 2b: gas monitoring 
data, Table 3c: water test results.
Figure 26.1: Site plan and indicative borehole log
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Case 26
Table 2b : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point W SA W SB W SC W SD W SE
Flow Rate (l/h) 2.1 1.5 0.3 0.9 0.2
Pressure (mb) 997-1015 997- 1015 997- 1015 997-1015 997- 1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 20.3 16.5 — 17.9 16.8 18.5
Carbon Dioxide 3.3 3.2 2.1 1.8 2.5 2.4 1.6 1.5 1 0.9
Methane * 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units . 7.5 7.2 6.8 7.6 7.3
Arsenic 1 4.0 3.2 <1 <1 <1
Boron 10 170 255 <10 <10 <10
Cadmium fig 's 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium f ig / i 1 3 2 3 1 3
Copper 1 4 4 3 <1 3
Lead Mg/i 1 <1 <1 <1 <1 <1
Nickel / jg f l 1 4 3 4 1 4
Selenium 1 1 <1 2 <1 <1
Vanadium 1 7 6 2 3 2
Zinc / jg ' i 1 21 18 12 9 7
Mercury MQft 0.05 <0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) / ig n 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulphate mp/i 3 12 23 50 75 32
Chrloride man 10 55 67 32 50 75
Ammoniacai Nitrogen as HH4-N man 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Case 26 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
Case 27
Case 27: Proposed residential flats with landscaping
The site is 1.1 hectares in size. The site was in part used as warehouses in the early 
1900s, and later car showrooms.
The adjacent land uses comprise residential land to the north, east and south and 
vacant land the west, formerly used for light industrial land uses (warehouses) 
Historical maps show that a gravel pit existed 500m from the site, and between 1920 
and 1935 the pit was filled. ‘River T ’ is located 500 m to the north east of the site 
and is classified as under EA General Quality Assessment (GQA) Scheme as grade 
B (chemical and biological). The site is underlain by a minor aquifer. There are no 
designated sites of ecological interest within 1km of the site.
The ground conditions of the site are summarised in Figure 27.1 below; Made 
Ground (gravel material including demolition rubble) underlain by sands and gravels. 
The previous site investigations carried out include; trial pits, window sample holes 
and boreholes to a maximum depth of 25 m. Contamination test data including gas 
monitoring results are attached. Table 1a: soil test results, Table 2a: gas monitoring 
data, Table 3c: water test results.
Figure 27.1: Site plan and indicative borehole log
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Case 27
Table 2a : Gas Monitoring Data
Results shown are the average of 3 runs of monitoring in a 1 month period (June 
2008)
Test Point W SA W SB W SC W SD W SE
Flow Rate (l/h) 6.5 7.2 2.1 4.2 1.2
Pressure (mb) 997-1015 997-1015 997- 1015 997-1015 997-1015
GAS Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady
Oxygen * 1 10.1 2.1 6.6 8.7 15.0
Carbon Dioxide 15.5 14.9 11.7 11.5 10.2 10 6.8 6.7 1.1 0.9
Methane * 1.2 0.9 5.3 5.1 4.7 4.5 <0.1 <0.1 0.3 0.2
* Units % V/V, detection limit 0.1% V/V
Table 3c : Water Test Results
Test Point WSA WSB WSC WSD WSE
Strata Sampled Made ground Made ground Natural Natural Natural
CONTAMINANT Units
Detection
Limit
pH pH Units - 7.5 7.2 6.8 7.6 7.3
Arsenic A '& l 1 4.0 3.2 <1 <1 <1
Boron M & 10 170 255 <10 <10 <10
Cadmium MQfl 0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Chromium A 0 0 1 3 2 3 1 3
Copper 1 4 4 3 <1 3
Lead M & l 1 <1 <1 <1 <1 <1
Nickel MQft 1 4 3 4 1 4
Selenium 1 1 <1 2 <1 <1
Vanadium M g/i 1 7 6 2 3 2
Zinc M9/i 1 21 18 12 9 7
Mercury M g'! 0.05 <0.05 <0.05 <0.05 <0.05 <0.05
PAH (Total) M & i 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulphate mg/l 3 12 23 50 75 32
Chrloride mgfi 10 55 67 32 50 75
Ammoniacal Nitrogen as HH4-N mctf 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Case 27 : Risk Evaluation
Based on the information provided for this case please answer the following 
questions.
1. How would you rate the overall potential risk from contamination of this site 
(delete as appropriate)?
- High Risk
- Moderate Risk
- Low Risk
2. If any, what do you feel are the significant linkages of concern?
3. How certain do you feel of this assessment (please circle as appropriate)?
1 2 3 4 5
very uncertain very certain
 ►
4. If any, what additional comments would you like to make about your 
assessment of this site?
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Having completed the assessment for all of the sites please answer the 
following general questions.
1. Please list any key information you feel was missing from the data supplied 
for the sites.
2. Was there any information supplied that you didn’t require? If so what was 
it?
3. For sites that are considered high risk, what additional information would 
you require to make recommendations for remediation?
4. Approximately how long did the study take to complete? 
Thank you fo r you time!
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Pledge of Action
Brownfield Skills Pledge o f Action
a voluntary, public commitment to support the implementation of specified 
recommendation(s). The purpose is to ensure that everyone within the workforce 
is able to take ownership of and contribute to the success of the brownfield 
workforce.
Pledge from: Natalie Cropp, Research Engineer, Tony Gee and Partners 
& University o f Surrey________________________________
Other [>sl Individual action through research associated with Tony Gee and 
Partners and University o f Surrey, supported by EPSRC ______________
This pledge indicates commitment to implementation as detailed below: 
Yes
Recommendation (s) Brownfield Skills Pledge relates to:
Securing the workforce fo r the future
Retaining and developing th r workforce fo r the future
Brownfield Skills Pledge description:
Research undertaken as part of an EngD in Environmental Technology with 
Tony Gee and Partners and University o f Surrey, supported by EPSRC. The 
specific study is concerned with improving understanding o f the information 
used by expert decision makers in contaminated land risk assessment 
("expert judgement") w ith a view to developing decision tools fo r guidance 
and training.__________________________________________________________
Brownfield Skills Pledge anticipated outcome(s):
Initial outcomes w ill be publication o f results o f the study and presentation 
at academic conferences. The findings w ill be taken forward to develop 
guidance and training tools and dissemination o f the results to industry.
Brownfield Skills Pledge Implementation Timeframe:
Finishes 1/12/2008
Stage 1: complete study o f industry experts (summer 2008),
Stage 2: use results to develop training tools and guidance (time frame 
uncertain at this time) __________ __________________ __________
Monitoring and Evaluation Framework associated with pledge: 
YesKI
Anticipated barriers to delivery at this stage: 
Cultural K l
UNIVERSITY OF
SURREY
Soil Test Results
A3 Prints of soil test results tables 
Note applicable cases indicated on the table.
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Natalie Cropp 09/01/2009
Contaminated Land Risk Assessment Judgement Study 
Executive Summary
Aim: The aim of this study was to explore how professionals experienced in contaminated 
land make decisions when given limited data and time restrictions. The basis for the 
assessment was that experienced practitioners will provide the “correct” assessment of 
contaminated land risk. Thus by recording the decisions made by the participants on a set of 
designed cases it should be possible to better understand the process they have used. No 
attempt has been made to improve how practitioners currently make risk assessments, rather 
to better understand what is done.
Methodology: The study required expert participants to assess the risk from contamination 
for hypothetical case sites. Each casebook contained a series of 27 cases, each containing 
10 variables1 (referred to as cues) which were deliberately set to be high, moderate or low 
risk indicators. Example cues include; site history, surrounding land use (as an indicator of 
contamination source and receptors), ground water and ecology.
The returned casebooks were analysed in two ways. Firstly the average risk assessments for 
each site (high, moderate or low) given by the 30 participants were used, along with designed 
cues, to fit a number of theories of decision making. Secondly, the differences between 
individual participants were assessed.
Findings: Decision Theories
i. The model that best fitted the average response for each case was the Lens model2,3. 
The Lens model suggested that the cues were combined as a weighed sum; Risk = 
£((3j x Cuej) + c, where p is a weighting factor for each cue. The dominant cues were; 
soil test data, gas monitoring data, potential pathways to humans, water test data and 
groundwater sensitivity.
ii. In comparison to other decision theories the soil test data, gas monitoring data and 
human pathways were consistently found to dominate the decision making process.
iii. An alternative decision theory considered was the ‘story model’ in which cues were 
combined to develop a plausible story to explain the risk. This theory was supported 
by the qualitative comments in the casebooks. The model can be developed further 
to incorporate supporting and contradictory interaction between cues.
iv. The comparison of the average expert risk assessment to the decision theories has 
shown that the site history was not a key variable in the risk assessment process. 
However, the qualitative data would suggest that the history was used to give an 
indication of likely contamination, and also to assess the coherence of the cues.
Findings: Individual Responses
i. In some cases there was a wide discrepancy between participants as to the level of 
risk allocated. The cue discrepancy in cases correlated well with the number of 
comments made concerning conflicting or insufficient data, i.e. the cases with the 
widest discrepancy were also the ones with the most comments.
ii. There was a clear difference in the range of risk used between experts across the 
casebooks. For example, Participant ‘X’ rated less than 10% of the sites as “low 
risk”, whereas Participant ‘Y’ rated 55% of the sites as “low risk”. One explanation 
could be a difference in the perception of what low risk meant to each participant. 
The levels were not defined in the casebook. The three point scale of risk made 
available (i.e. high, moderate or low) may have also been an influencing factor.
1 The 10 variables were selected from industry guidance and confirmed through expert interviews.
2 Hammond, K. R. and Stewart, T. R. (Eds.) (2001). The Essential Brunswik: Beginnings, Explications, Applications. 
Oxford: Oxford University Press
3 The correlation between Lens model and the average risk score given by experts is R2 = 0.82 (R2 = 1.0 is a perfect 
correlation)
Natalie Cropp 09/01/2009
Discussion: Although the Lens model fitted the data well in this study, the cue weightings 
derived were specific to the casebook used and the combination of cues in each case. 
Although the model did fit well with the average expert the restricted sample size prevented 
testing of the Lens model to predict risk assessments given by a subset of the expert 
participants. The Lens model did show that the information used in the ultimate rating of risk 
was limited to a few key cues. The dominant cues were related to test data, with pathway 
and receptors cues also ranking highly. This is in accordance with the source-pathway- 
receptor model required by legislation and guidance.
The presence of dominant cues in the Lens model supports the concept that the level of risk 
from contamination can be derived from a few key pieces of information, rather than a 
complex sum of all of the information available. The Lens model also gave an indicator of the 
relative importance of the information used in contaminated land assessment.
Although the Lens model may appear to suggest that an equation could be derived to 
replicate the decisions made by experts, in reality it would require a huge amount of data to 
prove the validity of such a model and have confidence in it. The number of comments made 
by participants is reflective of the finding that the expert cannot be replaced by a simple 
equation.
Implications: The following implications are reflective of the data collected.
On the simplest level, the collated results from this study constitute a set of case studies with 
a collection of comments and risk assessments from 30 experienced practitioners. These 
results could readily be collated as a training tool for a less experienced practitioner, whereby 
a blank casebook could be completed and compared to the expert participant’s responses.
The importance of the CSM in risk assessment process and understanding of the site 
condition is shown in the qualitative data collected in this study. However, the analysis of the 
numeric data has shown that the actual rating of risk was carried out with a reduced number 
of cues; predominantly chemical test data which represents the severity of the source.
Future Work: As with any research study there are some limitations of the data.
All of the models are based on the expert rating a site on a discrete three point scale (high, 
moderate or low) where as the range of risk used in real assessments may be much wider, 
and may also be more continuous. One area that could be developed further is a more 
detailed assessment of the scale of risk used by experienced assessors, and their perception 
of what “low, moderate or high risk” means.
With regard to the soil data assessed, a more detailed analysis of the specific determinants 
used by the participants based on comments made in the casebooks can be carried out.
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Investigation into Use of Expert Judgement in Contaminated Land Risk
Assessment
Assumptions
- Contaminated land risk assessment decisions made by experts under 
restricted time conditions follow a non-compensatory process model (fast and 
frugal -  Gigerenzer and Goldstein 1996).
Aim
- The policy of decision making under restricted time conditions used to 
establish a hierarchy of information (cues) used in risk assessment. If 
consistent between experts, the data could be used to better transfer 
knowledge to less experienced assessors.
Basis for assumptions (key papers)
- Dhami MK and Harries C (2001) “Fast and Frugal versus regression models 
of human judgement”, THINKING AND REASONING, 2001, 7 (1), 5-27. 
Psychology press Ltd.
- Gigerenzer G and Goldstein DG (1996) “Reasoning the fast and frugal way: 
models o bounded rationality”, PSYCHOLOGICAL REVIEW, 1996, Vol. 103, 
No. 4, 650-669. American Psychological Association Inc.
Methodology
Methodology is based on a similar study of local magistrate’s decisions on whether to 
issue bail to defendants -  bail, punitive bail (bail with conditions), or retain in custody 
(Dhami MK and Ayton P, 2001).
Judgment analysis / policy capturing: investigating individuals consistency with 
decisions, consistency between individuals on the same cases and insight into own 
decision making methods. Individuals asked to make judgments on a series of 
cases then policy is inferred feom their behaviour. Method asks participants to 
directly describe their policy for decision making, as they would express it to others 
rather than expression of insight. Reflects the need to justify decisions in a legal 
situation (also applies to contaminated land risk assessments where reports are 
required). Also includes a measure of confidence in the decision made. 
Compensatory regression models criticised (p147).
Comparison table
Aspect Magistrates Contaminated Land Assessors
Perceived
issues
Inconsistencies of decision 
making between or within courts.
Knowledge transfer - Judgement 
decisions requiring justification.
Decision
Makers
99.7% lay magistrates no formal 
legal training. Induction and 
basic training for position, 
varying experience levels
Trained scientists and 
engineers, varying experience 
levels
Individual / bench of 2/3 
magistrates
Individual / supervised 
inexperienced decision maker
Time Stretched resources, lead to 
feeling of time pressure although 
deadlines not set. -  Ave 6mins
D&A note research suggesting 
that under time pressure 
decision makers resort to simple 
judgement strategies -  non 
compensatory (once decision 
made additional information 
doesn’t change it)
Stretched resources and time 
pressures from developers.
Time is days / weeks to write 
reports supporting decisions.
Legal
framework
Vague Bail Act 1976
General right to bail except 
certain circumstances i.e. 
“substantial grounds” to believe 
defendant may
abscond/reoffend etc, and any 
other factors that may appear 
relevant
Give regard to listed information, 
insufficient information grounds 
to remand in custody
Risk based approach
Vague EPA Part IIA (2000) 
Planning -  & PPS23
Significant harm, or significant 
possibility of significant harm
Risk based approach
Basis for 
Decision
Incomplete information
Relationship between 
information and likelihood of 
high risk not been objectively 
measured -  relative importance 
of information not predefined
Outcome feedback limited, no 
formal structure for this.
D&A note studies showing 
missing information leads to 
negative decisions
Incomplete information
Relative importance of 
information types not well 
defined. Guidance suggests use 
of compensatory assessment of 
info but does not specify how.
Outcome feedback relates to 
contractual disputes. Limits on 
testing of site materials restrict 
accurate feedback.
Key Stages in Method
1. Establish key cues
2. Design case books
a. Data for each case
b. Ranking task -  magistrates asked to rank the 9 key cues in order of 
importance for the decisions made on each case
c. Any other information would have liked?
d. Confidence -  magistrates asked to comment on the confidence in 
each decision
e. Demographic data for the participants
3. 3 weeks deadline for completion
4. Intra magistrate consistency:
a. consistency of results given by Cohen’s Kappa value which corrects 
for chance.
b. Pearsons correlation to assess the effect of time spent on the bench 
on consistency
5. Inter magistrate consistency:
a. Percentage of magistrates who disagreed with modal response on 
each case
b. Pearsons correlation to assess the effect of time spent on the bench 
on disagreement with modal response
c. Spearmans rank correlation used for relationship between extent of 
disagreement and experience
6. Post decision confidence
a. Spearmans Rank correlation between the bail decision and 
confidence
b. Pearsons correlation between magistrates mean post decisional 
confidence and consistency in decisions.
c. Post decisional confidence and experience also compared
7. Assess judgment policies
a. Compared non-compensatory fast and frugal heuristic (Matching 
Heuristic) compared with compensatory integration model (Franklins 
rule and Dawes rule -  similar to regression model -  regression model 
not possible due to low cue: case ratio)
i. Franklins rule -  cues weighted on their influence on decisions
ii. Dawes rule -  cues are unit weighted -  each cue has a critical 
value for each case the number of cues that have critical 
values are summed -  each magistrate has a threshold value if 
sum > threshold then decision predicted as punitive
iii. Search K values until an critical value is found (order is defined 
by a hierarchy for each magistrate). Once found decision 
made and stop searching
8. Models used to predict decision making and compared to the actual decisions 
made - % correct
9. Number of cues used measured (K)
10. Requests for further information assessed
11. Comparison between Matching Heuristic and magistrates stated policy 
(explicit vs implicit policy)
Key stages in method for case construction
1. 270 booklets of cases sent to 51 courts -  sampling frame taken form an 
official list of courts. 81 magistrates form 44 courts replied. -  30% response 
rate high for such a closed group.
2. Each booklet had 41 cases for magistrates to make bail decision on, 9 cues 
manipulated 10 held constant (19 pieces of information available per case).
3. Cues identified on basis of
a. Bail law
b. Bail decision making training
c. Semi structured interviews with 9 people (6 lay magistrates, 1 
stipendiary magistrate and 2 clerks)
d. Observations of 35 bail hearings
e. Review of literature on bail.
4. Hypothetical cases used: to fully explore the independent effects of each cue 
using orthogonal selection 122 cases would be required -  to look at all cues 
7776 cases would be required - trial run on 20 law students suggested 
participants would be willing to fill in a maximum of 40 cases.
5. Inter-correlations were found in another previous study where 342 real cases 
were observed. These were removed form the set
6. A fractional factorial design was used to select 41 cases.
a. Orthogonal design option is SSPS version 7.5 to find the smallest 
subset of cases while retaining orthogonality of cues => 27 cases 
(model set) and main effects design
b. Same programme to get 7 cases (hold out set) used to validate
c. 7 cases from model set randomly repeated
7. Cues presented in same order for all cases -  based on order presented in 
court
8. Case plausibility checked by 2 magistrates before being used in the study.
9. Order of cases random with holdout cases mixed in randomly, duplicate 
cases added towards the end.
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Basis for Cue Descriptions in Cases
Cue
Risk
Indicator Rule for Case Text References / Checks
Site History
High
Polluting land use: Gas works, filled 
pits (dating to the 1930s, i.e. before 
regulatory controls such as Waste 
Management Licensing Regulations 
(1994))
Made ground: Average 2.5m thick (up 
to 8m with pits)
DoE Industry Profile 
(DoE, 1995)
Medium Brick works, car show room Made ground: Average 2.5m thick
Reference site reports 
provided by Enviros 
Consulting Ltd
Low Residential only / green fields Made ground: Average 1.5m thick
Offsite Use 
(Source)
High Gas works / filled pits DoE Industry Profile (DoE, 1995)
Medium Warehouses Land use that does not have a DoE Profile
Low Green fields / residential - .
High Residential land use adjacent to site
Offsite Use
Medium Industrial land use adjacent to site EA Soil Guideline Values (valid at time of
(Receptor)
Low
Vacant land / green fields / Industrial 
car park / barrier between land use 
and site -  river or railway
study development, i.e 
pre 2008)
Groundwater
Sensitivity
High Major Aquifer and Inner Source Protection Zone (SPZ) R&D 66 Annex 2 (NHBC 
etai, 2008)
EA SPZ definitions
Medium Minor Aquifer
Low Non Aquifer
High
100m from the site: National Nature 
Reserve / ecological Site of Special 
Scientific Interest (SSSI)
Ecology
Sensitivity Medium
500m from the site: National Nature 
Reserve / ecological SSSI
R&D 66 Annex 2 (NHBC 
et.al. 2008)
Low No National Nature Reserve / ecological SSSI within 1km of the site
Cue
Risk
Indicator Rule for Case Text References / Checks
Surface
Water
Sensitivity
High 50m to River GQA Grade B
R&D 66 Annex 2 (NHBC 
et al. 2008)
Surface Waters (River 
Ecosystem) 
(Classification) 
Regulations 1994 and 
EA Water Quality 
Grades (EA 2008) 
Reference site reports 
provided by Enviros 
Consulting Ltd
Medium 500m from site river
R&D 66 Annex 2 (NHBC 
et.al. 2008)Low No surface water courses within 1 km of the site
Soil
Chemistry
High Elevated -  based on DoE for gas works, landfill
DoE profile 
contaminants 
(summarised in R&D 66 
(NHBC etal. 2008)) 
Compared to UK SGVs 
(Defra and EA 2002a-g, 
2004b-c, 2005)1 and 
Dutch levels (RIVM 
2001) where no SGVs 
available, to set up 
chemical test data only. 
Location and elevation 
plotted and checked 
with land use
Medium
75% of elevated levels use for High 
scenario; leading to some 
contaminants above, some close to 
and some below soil guideline values
Low All below residential guideline values
Water
Chemistry
High Elevated -  based on DoE for gas works / landfill
Water supply (water 
quality) Regulations 
2000 Schedule 1
Reference site reports 
provided by Enviros 
Consulting Ltd
Medium 75% / 50% of acceptable levels high level
Low All below DQS
Gas
Chemistry
High
0 2-lowered levels 
Methane and C02-  upper limit 
Implies organic contamination, 
allowing for non industrial sites to have 
peat
Ratio of gases checked 
against SiLC 
examination data to 
ensure reasonableMedium C02 -  lower limit
Low Normal levels 02, no C02 no methane
Cue
Risk
Indicator Rule for Case Text References / Checks
High
MG -  gravelly material 
No clay,
Topography towards river / ditch 
Fissured clay if non aquifer 
3 natural water samples even if non 
aquifer
Site with brick works former use clay 
2.5 -  5 m thick
Fluid
Pathway
Medium
MG -  sandy / clayey material (or not 
specified) depending on other strata, 
some demolition rubble 
Low rise flats: Clay ave. 8m thick (MG 
1.5/2.5 m)
Houses: Clay ave. 8 m thick (MG 2.5 
m indicates need for piles)
1 or 2 natural water samples if non­
aquifer
Topography parallel to river
Viability of piled 
foundations checked 
against reasonable 
parameters for ground 
conditions -  checked by 
experienced 
geotechnical engineer
Low
MG -  clayey material
Non aquifer preferred
Low rise flats: Clay ave 15 m thick and
statement of proposed foundations to
terminate in clay
Houses: Clay ave 15 m thick and 
statement or proposed foundations to 
terminate in clay 
Topography away from rivers 
0 natural water samples if non aquifer
High Residential future land use with gardens
SGV land uses (Defra 
and EA 2002a-g, 2004b 
c, 2005)1
Human
Pathway Medium
Proposed low rise flats with 
landscaping
Low Proposed low rise flats, car parking and limited landscaping
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Cue Combinations
CASE DESIGN
Orthoginal cue combinations designed using SSPS
CASE Land Use Soil Test Water Test Gas Fluid Pathway Human Pathway Ecology Surface Water Groundwater Surrounding Land Use
1 3 2 1 2 1 2 3 3 2 2
2 3 2 2 3 2 2 2 2 3 4
3 1 1 3 3 1 2 3 2 1 6
4 2 2 3 3 2 1 3 1 2 8
5 1 2 1 3 2 3 1 3 1 3
6 2 2 1 1 3 1 2 3 3 6
7 2 1 3 1 2 3 1 2 3 1
8 1 2 3 2 1 3 2 1 3 5
9 3 1 1 3 1 1 1 1 3 7
10 2 3 2 1 1 2 3 1 3 3
11 3 1 2 1 2 1 3 3 1 5
12 3 3 2 2 2 3 1 1 2 6
13 3 3 3 3 3 3 3 3 3 1
14 2 2 2 2 1 1 1 2 1 1
15 1 1 1 1 2 2 2 1 2 1
16 2 3 3 2 2 2 2 3 1 7
17 1 1 2 2 3 2 1 3 3 8
18 3 3 1 1 1 3 2 2 1 8
19 1 3 2 3 3 1 2 1 1 1
20 1 2 2 1 3 3 3 2 2 7
21 2 1 2 3 1 3 2 3 2 2
22 3 2 3 1 3 2 1 1 1 2
23 2 1 1 2 3 3 3 1 1 4
24 3 1 3 2 3 1 2 2 2 3
25 1 3 3 1 1 1 1 3 2 4
26 1 3 1 2 2 1 3 2 3 2
27 2 3 1 3 3 2 1 2 2 5
CASE DESIGN
Orthoginal cue combinations designed using SSPS
CASE Land Use Soil Test Water Test Gas Fluid Pathway Human Pathway Ecology Surface Water Groundwater Surrounding Land Use
1 high moderate low moderate low moderate high high moderate -
2 high moderate moderate high moderate moderate moderate moderate high -
3 low low high high low moderate high moderate low -
4 moderate moderate high high moderate low high low moderate -
5 low moderate low high moderate high low high low -
6 moderate moderate low low high low moderate high high -
7 moderate low high low moderate high low moderate high -
8 low moderate high moderate low high moderate low high -
9 high low low high low low low low high -
10 moderate high moderate low low moderate high low high -
11 high low moderate low moderate low high high low -
12 high high moderate moderate moderate high low low moderate -
13 high high high high high high high high high -
14 moderate moderate moderate moderate low low low moderate low -
15 low low low low moderate moderate moderate low moderate -
16 moderate high high moderate moderate moderate moderate high low .
17 low low moderate moderate high moderate low high high -
18 high high low low low high moderate moderate low -
19 low high moderate high high low moderate low low -
20 low moderate moderate low high high high moderate moderate -
21 moderate low moderate high low high moderate high moderate -
22 high moderate high low high moderate low low low -
23 moderate low low moderate high high high low low -
24 high low high moderate high low moderate moderate moderate -
25 low high high low low low low high moderate -
26 low high low moderate moderate low high moderate high -
27 moderate high low high high moderate low moderate moderate -
CASE DESIGN
Surrounding land use decoded lo source and receptor ratings
CASE Land Use Soil Test Water Test Gas Fluid Pathway Human Pathway Ecology Surface Water Groundwater Surrounding Source Surrounding Receptor
1 3 2 1 2 1 2 3 3 2 1 3
2 3 2 2 3 2 2 2 2 3 3 2
3 1 1 3 3 1 2 3 2 1 2 2
4 2 2 3 3 2 1 3 1 2 2 1
5 1 2 1 3 2 3 1 3 1 3 3
6 2 2 1 1 3 1 2 3 3 2 2
• 7 2 1 3 1 2 3 1 2 3 1 3
8 1 2 3 2 1 3 2 1 3 2 3
9 3 1 1 3 1 1 1 1 3 3 1
10 2 3 2 1 1 2 3 1 3 3 3
11 3 1 2 1 2 1 3 3 1 2 3
12 3 3 2 2 2 3 1 1 2 2 2
13 3 3 3 3 3 3 3 3 3 1 3
14 2 2 2 2 1 1 1 2 1 1 3
15 1 1 1 1 2 2 2 1 2 1 3
16 2 3 3 2 2 2 2 3 1 3 1
17 1 1 2 2 3 2 1 3 3 2 1
18 3 3 1 1 1 3 2 2 1 2 1
19 1 3 2 3 3 1 2 1 1 1 3
20 1 2 2 1 3 3 3 2 2 3 1
21 2 1 2 3 1 3 2 3 2 1 1
22 3 2 3 1 3 2 1 1 1 1 1
23 2 1 1 2 3 3 3 1 1 3 2
24 3 1 3 2 3 1 2 2 2 3 3
25 1 3 3 1 1 1 1 3 2 3 2
26 1 3 1 2 2 1 3 2 3 1 1
27 2 3 1 3 3 2 1 2 2 2 3
CASE DESIGN
Surrounding land use decoded to source and receptor ratings
CASE Land Use Soil Test Water Test Gas Fluid Pathway Human Pathway Ecology Surface Water Groundwater Surrounding Source Surrounding Receptor
1 high moderate low moderate low moderate high high moderate low high
2 high moderate moderate high moderate moderate moderate moderate high high moderate
3 low low high high low moderate high moderate low moderate moderate
4 moderate moderate high high moderate low high low moderate moderate low
5 low moderate low high moderate high low high low high high
6 moderate moderate low low high low moderate high high moderate moderate
7 moderate low high low moderate high low moderate hiqh low high
8 low moderate high moderate low high moderate low high moderate high
9 high low low high low low low low high high low
10 moderate high moderate low low moderate high low high high high
11 high low moderate low moderate low high high low moderate high
12 high high moderate moderate moderate high low low moderate moderate moderate
13 hiah high high high high high high high high low high
14 moderate moderate moderate moderate low low low moderate low low high
15 low low low low moderate moderate moderate low moderate low high
16 moderate high high moderate moderate moderate moderate high low high low
17 low low moderate moderate high moderate low high high moderate low
18 high high low low low high moderate moderate low moderate low
19 low high moderate high high low moderate low low low high
20 low moderate moderate low high high high moderate moderate high low
21 moderate low moderate high low high moderate high moderate low low
22 high moderate high low high moderate low low low low low
23 moderate low low moderate high high high low low high moderate
24 high low high moderate high low moderate moderate moderate high high
25 low high high low low low low high moderate high moderate
26 low high low moderate moderate low high moderate high low low
27 moderate high low high high moderate low moderate moderate moderate high
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A b s tr a c t
The need fo r contam inated land assessment is increasing in  the U K  as 
B row n fie ld  sites are being targeted fo r development. For sites that are deemed 
to  be contam inated, the practica l app lication o f a rem ediation strategy often leads 
to  approxim ations o f volumes o f m ateria l to be treated. The extent o f 
contam ination on the site is assessed based on a lim ite d  num ber o f data points 
w ith in  a defined area. A t each data po in t the leve l o f contam ination is know n fo r 
a given sample depth. In  the U K  a ris k  based approach is used to determ ine 
whether the so il is ‘ contam inated’ and in  need o f treatm ent. In  a com m ercial 
context, tim e and cost pressures lead to s im p lifica tions o f the volum e estim ation 
process. These sim p lifica tions must strike a balance between the environm ental 
ris k  from  underestimates o f the contam inated volum e and the cost o f wasted 
resources associated w ith  overestimates. This paper presents a com parison 
between three practica l estim ation techniques used to  assess the volum e o f 
‘ contam inated’ so il on a development site, fo rm erly  a gas works. The methods 
used are; areas o f influence, proportiona l m ethod and in te rpo la tion  using 
K rig in g . A ll techniques were found to have a useful app lication although the 
lim ita tions o f each m ust be recognised. There is inevitab le uncerta inty 
associated w ith  the s im p lifica tio n  o f any practica l situation. In  com paring these 
methods the m ain uncertainties are iden tified  and management approaches 
discussed.
Keywords: volume estimation, contaminated soil.
1 In t r o d u c t io n
In  the U K  the previously developed land (P D L), also referred to as B ro w n fie ld  
land, is being targeted fo r development. The governm ent have set a target o f
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60% o f a ll new housing to  be located on B row n fie ld  land [1 ]. Some o f th is  land 
has been subject to  p o llu tin g  industria l land uses in  the past leading to 
contam ination o f the so il. A  key in fo rm ation  source fo r assessing contam inated 
land is site investigation (S I) data, whereby contam ination levels are iden tified  at 
discrete locations through sam pling and testing procedures [2 ,3 ]. This leads to  a 
series o f data points where the leve l o f contam ination is know n and can be used 
to  determ ine a representative concentration o f contam ination across the w hole 
site. In  the U K  a ris k  based approach is used to determ ine whether the leve l o f 
contam ination is acceptable w ith  regard to  the ris k  to human health and the w ider 
environm ent [4 ,5 ]. Should the concentration o f contam ination on site be found 
to pose an unacceptable leve l o f ris k  the site is considered to  be “ contam inated 
land” , as defined by the regulations [4 ], and w ill require some fo rm  o f 
rem ediation.
In  the past the m ost cost e ffective  option fo r dealing w ith  contam inated 
m ateria l was ‘ d ig  and dum p’ [6 ]. There are a num ber o f draw  backs to  th is 
approach inc lud ing  the fact that the problem  is sim ply being relocated and also 
the a va ila b ility  o f la n d fill is not in fin ite  [7 ]. The lim ite d  a va ila b ility  o f la n d fill 
has been m agnified by leg is la tive  changes; m ost prom inently the ban on 
co-disposal o f waste [8 ]. The subsequent rise in  the cost o f disposal is leading to 
an increase in  the m arket fo r, p reviously m ore expensive, process based 
rem ediation techniques [9 ]. The overall increasing cost associated w ith  
developing contam inated land drives a need fo r better delineation o f the areas 
that actually require excavation fo r treatm ent or disposal.
The nature o f estim ation means that there is inev itab ly  some leve l o f 
uncertainty invo lved in  the assessment process. In  the case o f contam inated land 
th is  is predom inately related to  the lim ite d  amount o f in fo rm ation  available fo r 
the assessment compared w ith  the com plexity o f the spatial d istribu tions o f 
contam ination across the site [10,11]. Part o f the solution to  im proving  the 
estimate o f so il volum es is to  im prove the qua lity  and amount o f data available. 
Several studies in to  optim ised site investigation techniques have been carried out 
{e.g. Demougeot-Renadrd and De Fouquet [12 ]). However, in  a com m ercial 
context inevitable cost and tim e pressures lim it the resources available fo r 
com plex site assessments and co llection  o f add itional data.
The aim  o f th is  paper is to assess three volum e estim ation techniques that can 
be applied to  contam inated land where data is lim ited . The methods used are: 
areas o f in fluence, proportiona l method and in te rpo la tion  using K rig in g . Each 
has been applied to  a form er gas works case study using d iffe ren t aspects o f the 
data obtained through the SI. The methods have been assessed fo r the ir ease o f 
use and appropriateness fo r the specific site used in  the case study.
2  E x p e r im e n ta l m a te r ia ls  a n d  m e th o d s
The volum e estim ation methods used are:
1. A rea o f influence: This method is based on the assumption that each 
data po in t is representative o f the area surrounding it. This m ethod does 
not consider any spatial relationships between adjacent data points.
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2. P roportional method: D escriptive data from  borehole logs is com bined 
w ith  test results to calculate the proportion o f each stratum that is lik e ly  
to be contam inated.
3. K rig in g : This m ethod uses the K rig in g  in terpo la tion method to create 
contour plots o f the contam ination d is tribu tion  across the site. The 
method is based on an assumed spatial re lationship between data points.
Each o f the above methods has been applied to a case study, the expected 
volum e o f contam inated m aterial calculated and compared.
2.1 V o lum e estim a tion  m ethod 1: area o f in fluence
This method is based on the assumption that SI data from  a specific sam pling 
location can be considered representative o f the ground conditions surrounding 
it. The method uses the spatial d is tribu tion  o f sample points to describe the
contam ination conditions o f site as a whole. The contam ination test data fo r
each stratum is used to classify each po in t as contam inated or not. The method 
comprises the fo llo w in g  steps (F igure la  to d):
1. Sample points fo r a given stratum are p lotted across the site using a 
com puter aided design package such as A u toC A D  [13] (F igure la )
2. The data points are connected to the ir nearest neighbours to produce a
series o f non-overlapping triangles across the site, s im ilar to the triangular
irregular network (T IN ) (Figure lb ). To represent ease o f application 
under tim e pressure the points have been connected by eye only.
o o
o 0
o
0 0
a) Investigation points plotted.
c) B isect lines between 
investigation points.
b) Investigation points connected 
w ith  nearest neighbors.
d) Area o f influence extended 
to centroid o f rem aining areas.
Figure 1: The area o f influence method.
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3. The m id  p o in t o f each o f these connecting lines is jo in e d  to  fo rm  a 
po lygon around the sample po in t, creating an area o f influence. (F igure
lc )
4. A t th is  po in t the areas o f in fluence o f the sample points do no t cover the 
entire site; the parts o f that site that fa ll between the assigned areas o f  
in fluence are allocated using the centroid as the intersection po in t. 
(F igure Id )
5. Areas fo r the outerm ost data points are extended to the boundary fo r the 
site
6. The volum e to be treated is calculated m u ltip ly in g  each area by its 
respective thickness o f contam inated m aterial. These volum es are then 
summed.
2.2 Volume estimation method 2: proportional method
This m ethod is useful fo r gain ing a general overview  o f the volum e o f 
contam inated so il on a site. The proportion o f each stratum  that is contam inated 
is estimated based on descriptive borehole logs and contam ination test data. The 
proportion o f a stratum  that is classed as contam inated is then applied to  the to ta l 
volum e o f that stratum  to  calculate a volum e o f m ateria l requ iring  treatm ent. 
The process has the fo llo w in g  stages:
1. C o lla tion  o f borehole data and classifica tion o f m ateria l as 
contam inated based on test results. F igure 2 shows an example log  w ith  
tw o test points A  and B  w ith in  M ate ria l 1. I t  is assumed that a test 
result w ith in  a given described m ateria l is representative o f that 
m aterial. In  the example shown tw o test results w ith in  the same 
description show d iffe rin g  results (A  is w ith in  acceptable lim its  and B  is 
not). In  th is case the test result is applied a depth equidistant to  each 
sample point.
2. In terpretation o f m ateria l descriptions and classifica tion o f untested 
m aterial. In  F igure 2, M ate ria l 2 is untested. Should the descrip tion o f 
the m ateria l be su ffic ie n tly  s im ila r to  M ate ria l 1 above that the m ateria l 
can be considered to be the same, the test result o f sample B  w ou ld  be 
considered to  be representative o f M ate ria l 2 also. However, i f  the 
descriptions show the m ateria l to  be d iffe ren t then M ate ria l 2 is not 
classified.
3. C alculation o f the to ta l length o f contam inated m ateria l fo r each 
m ateria l type, the to ta l recorded length fo r each m ateria l type and 
subsequently the percentage o f each m ateria l that is considered 
contam inated.
a. A ll logs that record a given m ateria l are summed to g ive a to ta l 
recorded length fo r that m ateria l (£ L M)
b. The to ta l contam inated length fo r that m ateria l w ou ld  be 
calculated fo r tested data ( £ L t e s t )  and interpreted data 
( Z L i n t e r p ) -
c. From  th is, the percent contam inated fo r a given m ateria l can be 
calculated (Contam M) as shown in  Equation (1) below ;
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Contam M -  100 x     ^
/
4. A p p ly  the percent contam inated fo r each m aterial type to the to ta l site 
volum e fo r that m aterial type to calculate volum e o f contam inated 
m aterial.
The to ta l m aterial volum e is calculated from  a three dim ensional ground 
model. This was done by p lo ttin g  the m aterial thickness recorded at each 
location and then in terpo lating, using K rig in g , to establish the volum e o f each 
m aterial across the whole site. The programme Surfer v8.0 was used as 
described in  Section 2.3 below. The process can be repeated to calculate an 
uncontam inated volum e and an unclassified volum e o f m aterial fo r each stratum 
as required.
Strata Dep1 Leve
ir.bg;
rc
Material 1
:m ACD)
lic-
Material 2
2 6C 
2.7C
Stratum Description
Concrete 'MADE GROUND;
Dark brown sf ght y gravelly sand Grave is subangalar ic ?jbrcjrced 
of concete arc brick Asn present (3RICK MADE GROUND)
Darkfc'owns ghty gravelly sand. Grave is sjoangj r to sjarcjrced 
cfconc'ete arc b'ick Asn present Wirt* scft arowr day enses MADE 
GROUND)
Brown sarcy svbangular ta subrourced 'me to cca'se GRAVEL "SRRACE GRAVELS; • 1
Scretoi* Ccirc r-e at 2 ?C Tt
mifcgl; Detai
ZJH
Gro.rowater {mbgl 
■•rke I Fes:
L  uncontam
S I I
L  contam
— .
___r
untested
Figure 2: Example borehole log used in  the proportional method.
2.3 V o lum e estim ation  m ethod 3: K rig in g
Surfer v8 [14] was used to carry out th is method. Surfer allow s data to be 
p lotted and displayed in  a number o f ways inc lud ing ; data points, contour p lots 
and 3-dim entional surfaces. M u ltip le  maps can be overla in to present d iffe ren t 
data sets on a single p lo t. Areas w ith in  a surface and volumes between surfaces 
can be calculated, m aking the programme ideal fo r th is study. To create a map 
data points are interpolated to produce regular g rid  across the area o f interest. 
O rdinary K rig in g  was selected as the in terpo la tion method fo r th is stud; the 
default method fo r the programme. Considered to be the most appropriate as the 
study is aimed at reproducing sim ple methods that are lik e ly  to be used under 
tim e pressures. The K rig in g  in terpo lation method is based on the assumption 
that there is an underlying spatial re lationship between data points; i.e. the 
concentration o f contam ination varies as a function o f the distance between data 
points. For a fu ll explanation o f K rig in g  refer to M atheron [15] and M atheron 
and K le inge ld  [16].
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The process fo r th is m ethod is as fo llow s (repeated each stratum  separately):
1. The concentration ra tio  data is interpolated using K rig in g  to  produce a 
regular g rid  o f contam ination concentrations across the site. This data 
was then used to produce a contour p lo t fo r each contam inant
2. Contour plots fo r each o f the assessed contam inants are overla in  to 
produce a single com bined p lo t ind ica ting  areas o f contam inated 
m ateria l where concentrations exceed acceptable lim its .
3. To assess the depth o f affected m ateria l Surfer v8 can then be used to 
p lo t the to ta l strata thickness and calculate the to ta l site w ide volum e o f 
each m ateria l type.
4. The to ta l areas o f contam ination exceeding the allow able concentration 
values are then overla in  onto a p lo t o f the thickness o f the assessed 
stratum  and the volum e o f m ateria l w ith in  these areas calculated.
3  C a se  s tu d y
The site used fo r the study is in  the U K  and the location fo r a proposed housing 
development. The previous land uses on the site include a form er gas w orks in  
operation from  the late 1800’ s to  1970 when it  was closed. The lim ite d  
environm ental controls in  place in  the U K  during the tim e that the gas works 
were in  operation lead to  p o llu tin g  operations on the site. Since th is tim e part o f 
the site has remained unoccupied and part has been used as offices and 
warehouses. I t  is the vacant po rtion  o f the site that is o f im m ediate concern fo r 
development and is referred to as Phase 1. The area o f the site is approxim ately
1.1 hectares. SI data has been collected from  a series o f investigations; the m ost 
recent (59 points w ith in  Phase 1) has been used fo r the assessment o f 
contam ination w ith  h is to rica l in fo rm ation  used only fo r assessing stratigraphy. 
The site stratigraphy is generally Made G round (o f various types) underlain by 
a llu v ia l deposits (sandy c la y /s ilt across part o f site) and flo o d  p la in  gravels and 
sands.
3.1 Contaminants of concern
Based on the results o f the in itia l ris k  assessment o f the site the fo llo w in g  
contam inants have been iden tified  as posing sign ifican t ris k  to human health, the 
w ider environm ent or structures on the site. Excavation and rem ediation or 
disposal o f f  site is applied to  m aterial “ contam inated”  w ith  respect to  the agree 
rem ediation targets listed in  Table 1 below.
Table 1: Acceptable lim its  fo r key contam inants.
Contam inant o f Rem ediation
concern Target (m g/kg)
Am m onium 100
Benzene 8
Naphthalene 23
Bezo(a)pyrene 55
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4 Results
For each m ethod described above the volum e o f m ateria l classed as 
contam inated was calculated fo r the M ade Ground and A llu v ia l clay layers as the 
strata o f concern fo r excavation. Table 2 below  summarises these results.
Table 2: Calculated volumes.
Volum e o f Contam inated Soil
K rig in g
(m 3)
Area o f
Influence
(m 3)
P roportional
m ethod
(m 3)
M ade
Ground
Total Volume 14,400 11,850 14,400
Contaminated
Volum e 5,370 2,585 3,744 (26% )
A llu v iu m Total Volume 3,650 2,635 3,650
Contaminated
Volum e 2,050 880 1,278(35% )
Tota l Contam inated Volum e 7,420 3,465 5,020
5  D is c u s s io n
The application o f each method is discussed below  fo llow ed by a general 
discussion o f common issues.
5.1 Area of influence
The application o f the area o f in fluence method is ve iy  easy and requires litt le  
specialist judgem ent in  its application. The m ethodology described perm its the 
user to  com plete a volum e calcu la tion based on visua l data and can be carried 
out w ith  the use o f read ily  available software. The m ethod could be im proved by 
more accurately id en tify ing  the nearest neighbours when triangu la ting  the data, 
however th is w ou ld  require another leve l o f sophistication in  the software used.
The m ethod m ay be best used to h ig h lig h t where more in fo rm ation  is required 
as it  incorporates a sim ple v isua l p lo t. I f  there is a pa rticu la rly  large area o f 
in fluence attributed to a borehole, it  m ay suggest the need fo r fu rther 
investigation. The areas calculated can be compared w ith  the expected hot spot 
size to indicate whether the SI d is tribu tion  has been su ffic ien t to  fin d  them  [17 ].
The m ain lim ita tio n  o f the m ethod is that it  excludes any spatial re lationships 
between data points. I t  is also sensitive to data gaps, and uneven sam pling 
d istributions across the site. In  th is case the m ethod consistently predicted the 
lowest volum es fo r rem ediation ind ica ting  the SI may be insu ffic ien t.
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5.2 Proportional method
The application o f th is m ethod requires m uch m ore expert judgem ent than either 
o f  the others. In  reading the SI logs the assessor m ust understand the 
descriptions and be able to  filte r  the key features that can be used to group 
m aterials o f a s im ila r nature. For contam ination assessment a key challenge is in  
describing Made G round and id e n tify in g  its o rig in , and associated 
contam ination. The problem  is the inherent va ria b ility  o f Made G round; at the 
case site seven d iffe ren t types were id en tified  based on contam ination test data, 
m ateria l descriptions and colour. H is to rica l maps can be used determ ine the 
tim in g  o f the placem ent o f the m ateria l w ith  respect to  site activ ities, a id ing in  
the classification. A s it  is im possible to  test the w hole stratum, the descriptions 
and h isto ry o f the m ateria l become m ore im portant as an ind ica tion  as to  the 
like lihoo d  o f contam ination.
The m ain disadvantage o f th is m ethod is that it  does not id e n tify  where the 
contam ination is located, ju s t approxim ately how  much to  expect. As such it  is 
rea lly  on ly useful fo r early design stages and best used in  conjunction w ith  some 
fo rm  o f p lo t o f test locations.
5.3 Kriging
This m ethod assumes a spatial re lationship where one m ay not always exist, fo r 
example ashy patches were found on the case study site, w h ich  are isolated 
hotspots o f contam ination. W ithou t m od ifica tion  o f the K rig in g  process its e lf 
contam ination hotspots can become smeared across the site, increasing the 
affected area. In  general th is smearing o f in fo rm ation  may be useful fo r an 
overa ll v ie w  o f the contam ination leve l o f the site; however the delineation o f 
contam inated areas may not represent the v a ria b ility  o f the m aterial. In  app lying 
contam inated areas to  the to ta l thickness o f the stratum  the m ethod does not 
consider varia tion  o f contam ination levels w ith  depth w ith in  the stratum. This 
contributes to  overestim ated volumes as shown in  the case site. This could be 
im proved w ith  m ore detailed assessment o f the thickness o f the affected stratum  
in  the calculated volum e. On the w hole the m ethod is more rigorous as the 
in terpretation process uses a ll o f the available data to  pred ict the loca tion  o f 
contam ination. The process is most useful fo r m obile  contam inants where there 
is m ore o f a spatial re lationship between data points.
5.4 General discussion
There are a num ber o f general practica l issues that need to be considered. For 
example i f  a contam inated stratum  is overla in  by clean stratum  the clean stratum  
m ay also need to be excavated to  assess the contam inated m aterial beneath. In  
add ition the practica l issue o f ‘over d ig ’ has not been included. D u ring  
excavation works on site the d ifficu ltie s  o f excavating to  the exact base o f  a 
strata is accounted fo r by a llow ing  an add itional depth o f excavation.
A  disadvantage o f K rig in g  and the area o f influence methods is that the 
irregu lar contam inated areas iden tified  are u n like ly  to  o ffe r a p ractica l 
rem ediation plan fo r the site. In  the case o f the percent contam inated it  is  no t
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possible to id e n tify  the areas o f the site that require rem ediation at a ll. A ll o f the 
methods require care when extrapolating data to  the site boundaries. The 
amount o f data available often dim inishes at the boundaries and data outside o f 
the boundary is ra re ly available. The developm ent o f these calculations to  form  
a rem ediation p lan w ou ld  need to a llo w  fo r these lim ita tions.
W ith  a ll o f these methods there is a need to  have a good understanding o f the 
conceptual m odel fo r the site, what the nature o f the contam ination is, where it  
has come from  and the behaviour o f the particu la r contam inants in  the ground. 
W ith  th is  understanding it  is easier to  apply an appropriate volum e estim ation 
m ethod and subsequently design a practica l rem ediation plan.
6  C o n c lu s io n s
The methods presented can help to g ive structure to  the volum e estim ation 
process. The m ost appropriate m ethod w ill depend on the contam inant o f 
concern and its physical and chem ical behaviour in  the ground. A ccepting that, 
in  a com m ercial context, tim e and cost pressures mean that problem s are 
s im p lified  by necessity; the issue becomes how  to  best deal w ith  the associated 
uncertainty. W ith  a ll o f the methods there is a need to apply an understanding o f 
the chem ical behaviour o f the contam ination, and a practica l approach to 
developing a rem ediation strategy to  be im plem ented on site.
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Simplified Volume Estimation Techniques for Contaminated Land
Natalie C row . D r Emma Hellawell and D r Rick Woods
Surrey University, Email: N.Cropp @ surrev.ac.uk
In the U K the planning regime requires a contamination assessment for all proposed developments. 
A  conceptual model is constructed to outline the key issues relating to the site, including any 
potential sources o f contamination and pollutant linkages. Where contamination is suspected on a 
site, intrusive site investigations are used to determine the severity and extent o f the contamination. 
The data is obtained from samples o f material taken from discrete locations across the site which 
are then tested for key contaminants. The results o f these tests are then used as an indication o f the 
contamination across the whole site. In areas where the level o f contamination presents an 
unacceptable risk, some form o f remediation is required to interrupt the pollutant linkages o f 
concern. This may be to prevent the pathway, remove the receptor or treat the contamination. 
When the latter is used the volume o f material must be estimated in order to design and cost 
remediation measures. In a commercial context, time and budget pressures lead to simplifications 
o f the volume estimation process which results in inevitable uncertainties in remediation costs, and 
risk.
Three practical estimation techniques have been used to assess the volume o f ‘contaminated’ soil on 
the site o f a former foundry. The methods used are; area o f influence; proportional method and 
interpolation using Kriging. A ll use resources that are readily available to contaminated land 
professionals. The aim o f the study is to compare the use o f these methods for an estimation o f 
volumes o f contaminated soil at early design stages. These were compared using the case study and 
each method evaluated in  terms of; ease o f use, ab ility to deal w ith uncertainty, practical use fo r site 
works and applicability to specific contaminants. Each technique was found to have a use w ithin 
the design process. When dealing w ith contaminated land and the uncertainty o f assessment, it  is 
essential that any calculations are taken in  context o f the site conceptual model and the inherent 
properties o f the contaminant o f concern.
INTRODUCTION
• Background to the problem
• Three methods
-  Area of influence
-  Proportional method
-  Kriging
• Case Study
• C onclusions and recom m endations
I
 UNIVERSITY OF
W  SURREY
CONTAMINATED LAND 
ASSESSMENT
Simplified Practical Methods for 
Volume Estimation
Natalie Cropp
IMPERFECT DATABACKGROUND ISSUES
• Brownfield development targets and legislative 
controls
• Project focus on urban regeneration (housing / 
infrastructure / industrial land uses)
• Process can be applied to a range of 
remediation projects
• Contract disputes related to underestimated 
volumes
W hat To Do W ith The Data You 
Have Got
Assumptions
• Agreed acceptable lim its for contam ination
• Site investigation data available;
-  Borehole / trial pit / w indow  sam ple logs
-  Soil sam ples tested for contam inants of concern
• C om petent contam inated land 
professional
-  C ontractor / consultant / agency representative
1
Three M ethods of Volum e 
Estim ation
• Area of Influence
• Proportional Method
• Interpolation by Kriging
Area of Influence
• Base assumption;
-  No spatia l re lationship between data points (both 
sample data and strata thickness).
• Process;
-  Relevant sam ple points plotted on AutoCAD or sim ilar
-  Triangulation of points (Delauny triangles).
-  Connecting lines bisected
-  C losed polygons constructed around each data point
-  Area of influence then calculated
• Volum e = Area x Strata Thickness
Area of InfluenceArea of Influence
Proportional Method
• Base assumption;
-  Descriptions of material can be used as indicators for 
contamination levels.
• Process;
-  Test Results used to classify material
-  Material descriptions used to classify untested material
-  Calculation of percentage of each material type that is 
considered contaminated.
-  Calculate the total site wide volume of each material type.
Volume = % of strata that is classed as 
contaminated x total strata volume
Proportional Method
Stratum Description
i tow » stoty gravely tend. Grave
Material 1
Material 2
'INTERP\Contam,
Kriging
• Base assumption;
-  Spatial relationship exists between data points modelled by the 
semi-variogram
• Process;
-  Data is interpolated using Kriging to produce a contour plot (or 
each contaminant.
-  Contour plots are overlain to produce a single combined plot
-  3D ground model to assess strata volumes across the site.
Volume =
Foundry Case Study Comments and Questions
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A bstrac t
In  the U K there are large areas o f previously developed land (PDL), o r Brownfield land, 
some o f which have been subject to polluting industries in  the past, leading to contamination 
o f the soil. Two prom inent drivers fo r evaluating the extent o f contamination on a 
Brownfield site are; planning fo r new developments and the legal requirement fo r land to be 
suitable fo r its current use. The data used to complete a contaminated land assessment w ill 
include qualitative and quantitative inform ation about the site. A key inform ation source is 
site investigation (SI) data whereby contamination levels are identified at discrete locations 
across a site. Typically the methods used to estimate contamination levels between data 
points involve the use o f spatial statistics assuming that there is an underlying relationship 
between data points. In  the case o f mobile contamination (e.g. hydrocarbons), that may be 
connected by a flu id  medium, this is a valid assumption., however the same can not 
necessarily be said fo r less mobile contaminants (e.g. heavy metals such as lead).
The aim of this research has been to produce a computer based tool (GRASS) to aid 
interpretation o f site data fo r risk assessments and remediation design. Figure 1 shows the 
flow  diagram of the process. The tool uses both qualitative and quantitative data fo r the site 
to identify possible pollutants and areas w ith  elevated contamination levels. The combination 
and interpretation o f this inform ation w ill enable an assessor to gauge the volume o f 
contaminated soil. In  the GRASS methodology the site is in itia lly  overlain by a regular grid, 
a series o f logic questions are then applied to each cell w ith in  the g rid  to classify the cell’s 
contamination level. These logic questions are based on a hierarchy o f available data from  
chemical test data, being the most reliable, to land use descriptions. In itia lly  the cells are 
interrogated based upon the location o f the each cell relative to chemical test data from  the 
site investigations. This stage o f the interpolation is reminiscent o f the computer game 
“ Minesweeper” , a single player computer game where the player must clear the m inefield 
w ithout exposing a mine. In  the GRASS assessment the surrounding data points are used to 
assign a contamination level to a cell. Once the chemical test data has been exhausted the
G R ID  ASSESSMENT (GRASS) M ETH O D  FOR C O N TA M IN A TE D  LA N D
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qualitative data is then used. Once these stages have been completed the remaining cells that 
do not have real test data o r assigned contamination levels subject to statistical interpolation 
as the next best available method fo r interpolating the data.
In  the development o f the methodology it  
became apparent that there were three main 
challenges to address, namely:
• The answers to the classification 
questions are generally not “ black and 
white” .
• There are questions regarding the 
accuracy o f the site investigation data
• Care is required assigning values to 
qualitative data.
The inclusion o f a certainty analysis was 
recognised as an im portant requirement fo r the 
fina l assessment tool. The output o f the tool w ill 
be a map predicting both the like ly distribution 
o f contamination, an estimate o f volume o f 
material requiring treatment and certainty o f 
the result. In  remediation design, a fraction o f 
the costs are set aside as part o f the contingency 
to deal w ith  unforeseen contamination.
Accurate evaluation o f contingency is v ita l in  costing or tendering fo r the remediation 
contracts, as errors can lead to large losses from  remediation consultants or contractors.
I t  is the addition o f certainty analysis and the use o f qualitative data are the key differences 
between this and other contaminated land assessment tools. In  the absence o f absolute 
certainty in  contaminated land assessment it  is essential that a transparent method is used 
which incorporates a ll o f the available data (qualitative and quantitative) and highlights 
where there is a lack o f certainty; the GRASS methodology addresses this need.
Keywords: Contaminated Land, volume estimation, uncertainty, immobile contaminants.
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Figure: 1 Flow diagram
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WHY?
• C u rre n t use : P art IIA  E P A  (1990)
• Fu tu re  use: P lann ing
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FOCUS: REMEDIATION DESIGN
Example interpolation methods:
-  Inverse D istance to Power
-  Krigging: geostatistica l gridding m ethod
-  Modified Shepherds M ethod
-  Radial Basis Functions
-  Triangulation w ith L inear Interpolation
-  N earest neighbour
-  Moving Average
All assum e an underlying relationship 
between contam ination data points
contamu
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WHAT DOES IT DO?
A ssesses exten t of 
contam ina tion  fo r vo lum e 
estim ation  in rem edia tion  
design
WHAT IS NEW?
• Qualitative data used
• Measures uncertainty
• Used for immobile 
contaminants such as heavy 
metals
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SUMMARY
• What is different?
-  Transparent & sim ple to use
-  Q ualita tive data
-  C ertainty m easured
-  Im m obile contam inants assessed
• Application: Contingency planning
• Limits: Input data, depth dimension
• Improvement: Output practical remediation 
plan
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THE FORMATION AND EVOLUTION OF SPIRAL GALAXIES
R. Crain. T. Okamoto, V.R. Eke, C.S. Frenk and A. Jenkins 
Institute for Computational Cosmology, Department of Physics, University of Durham, South Road,
Durham, DH1 3LE
The emergence of a cosmological paradigm had ushered in a golden era in cosmological 
research. The paradigm explains a wide variety of observable properties of the Universe, for 
example the number, luminosities and spatial distribution of galaxies. The galaxies directly trace 
the 'cosmic web', a rich network of structures formed from dark matter, invisible mass apparent to 
us only by its gravitational effects. In spite of this progress, many fundamental questions remain. 
One of the most important ones is the formation of grand, intricate spiral galaxies like our own 
Milky Way. This has proved to be a difficult problem because of the complexity of the astrophysics 
involved. At Durham, we have developed pioneering software to simulate the growth of cosmic 
structure. We have used one of the largest supercomputers in Europe to follow, for the first time, 
the breathtaking evolution of a spiral galaxy, from its beginning as a tiny ripple in space-time to its 
present day splendour.
L2-20
SINGLE ENZYMES STUDIED BY ATOMIC FORCE MICROSCOPY
N Crampton. J M Edwardson and R M Henderson
Department of Pharmacology, University of Cambridge, Cambridge, CB2 1PD
When scientists study biological molecules in living cells they normally use methods that 
measure the behaviour of large number of these molecules (usually more than one billion at a 
time), and therefore any result represents the average of all these molecules. The atomic force 
microscope (AFM) is an instrument that allows us to produce images of single biological molecules 
(with a resolution of less than 1 billionth of a metre). An example of the power of this technique is 
shown in this poster, where we have produced images of single DNA-enzyme complexes. These 
enzymes are one of a group of molecules that interact with, and regulate the behaviour of the 1 
metre of DNA contained in each human cell that codes for the human genome. The AFM acts like 
a tiny gramophone: It produces an image by scanning an atomically sharp probe across a flat 
surface to which DNA-enzyme complexes have been bound. The microscope is particularly 
valuable, because unlike all other high-resolution imaging methods, it can be operated in liquid and 
the so dynamics biological processes can be followed under near-physiological conditions.
Here we have chosen to show how AFM can be used to gain new insight into the interaction 
between a restriction enzyme (known as EcoP15l) and DNA. These enzymes protect bacteria 
from attack by viruses by recognising the alien DNA, twisting and cutting it. The AFM allows us to 
see these processes at the level of the individual molecule.
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APPLYING “MINESWEEPER” LOGIC TO CONTAMINATED LAND ASSESSMENT
Miss N. Cropp. Dr E. Hellawell, Dr R. Woods (University of Surrey, Guildford, GU2 7XH) 
and Mr R. Newman (TGP, Cobham, KT11 3DP)
There are two key drivers to evaluating the extent of contamination on a site. Firstly, Brownfield 
sites are increasingly being targeted for development; secondly UK law requires local authorities to 
ensure that land in their district is suitable for its current use. The process of evaluating such sites 
includes risk based contamination assessment and, if necessary, the design of a remediation 
strategy. A key information source for this is site investigation data, obtained by: digging holes 
(e.g. boreholes), noting the geological strata and taking samples of soil, groundwater and gasses 
for chemical testing. As a result of these investigations contamination levels are known at discrete 
locations across a site. Through analysis of this data it is possible to gauge the level of
contamination across the whole site. For mobile contaminants it is possible to assume that there is 
a relationship between known data points, however problems arise with the interpretation of 
immobile contaminants (e.g. lead). This research project aims to produce a computer based tool 
to aid interpretation of site data for risk assessments and remediation design. This tool uses 
similar logic to the “Minesweeper” computer game: a single player computer game where the 
player must clear the minefield without exposing a mine. In Minesweeper the risk of ‘hitting’ a mine 
is given as a number for each location on a grid. The risk of ‘hitting’ contamination in the new tool 
will be evaluated based on all of the available information (historical land uses, test data etc.). An 
important aspect of the tool and research will be an assessment of the certainty associated with 
the available information. The output will be a map predicting the likely distribution of 
contamination and certainty of the result.
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REDUCING TUBERCULOSIS IN COUNTRIES WITH A HIGH BURDEN OF HIV
Dr Christine Currie
School of Mathematics, University of Southampton, Highfield, Southampton, S017 1BJ
The HIV epidemic has caused a dramatic increase in tuberculosis (TB) in East and southern 
Africa. Several strategies have the potential to reduce the burden of TB in high HIV prevalence 
settings, and cost and cost-effectiveness analyses can help to prioritise them when budget 
constraints exist. In this poster we describe a mathematical model of TB and HIV that was used to 
assess the effectiveness, cost, and cost-effectiveness of strategies to reduce the burden of TB in 
countries with high HIV prevalence. This compartmental, difference equation model has been fitted 
to time series and other published data using Bayesian methods. The results we present here 
come principally from a model that has been fitted to the Kenyan HIV and TB epidemics, but they 
are applicable across the region. We estimated the effectiveness of strategies at averting TB cases 
and TB deaths and at gaining disability adjusted life years (DALYs). Considering the more generic 
measure of cost per DALY gained, we find that improvements to TB treatment would be the most 
cost-effective strategy. Administering antiretroviral therapy (ART) is the most effective strategy at 
reducing DALYs but suffers from high costs. Preventing HIV infections could be as cost-effective 
as improving TB treatment but the estimates are more uncertain. Giving TB prophylaxis is cheap, 
but less effective than other strategies, making it a less attractive option.
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MICROBIAL ECOLOGY: A NEW SCIENCE FOR ENGINEERING BIOLOGICAL
TREATMENT SYSTEMS
R. J. Davenport
School of Civil Engineering and Geosciences, Cassie Building, University of Newcastle upon Tyne,
Newcastle upon Tyne, NE1 7RU
Expanding population sizes, urbanisation and climate change have led to increasing pressures 
on Earths’ most precious natural resource, water. In the richer ‘developed’ countries these 
pressures result in demands for improved drinking and river water quality, and higher standards for 
wastewater treatment. There are increasingly stringent consent limits on the discharge of 
nutrients, and concern over the removal of bioactive micropollutants such as endocrine disrupting 
chemicals. Biological treatment represents the most cost-effective option for the removal of such 
pollutants. However, little is known about the microbial populations which perform the key 
remediation processes. Biological wastewater treatment plants (WWTP) are designed empirically 
and their operation is optimised by trial and error, resulting in oversized and costly systems. While 
this has given us WWTP that work most of the time, they are prone to unpredictable failure. 
Understanding the rules that govern the microbial populations treating the waste in WWTP will 
provide a foundation for engineering more efficient, reliable and predictable biological treatment 
systems. Quantification of the key microbial populations responsible for the remediation
APPLYING “ MINESWEEPER” LOGIC 
TO CONTAMINATED LAND ASSESSMENT
Miss N. Cropp, Dr E. Hellawell. Dr R. Woods (University of Surrey, Guildford GU2 7XH)
and Mr R Newman (TGP, Cobham KT11 3DP)
The issue of Contaminated Land in the UK
Under UK Law it is the responsibility of Local Authorities to ensure that all 
land in their district is "suitable for current use" with regard to contamina­
tion; (Part IIA Environmental Protection Act (1990)). In addition the govern­
ment has targeted potentially contaminated brownfield sites for future 
development. The process of evaluating such sites includes risk based 
contamination assessment and. if necessary, the design of a suitable reme­
diation strategy to clean up the site
The assessment process involves collation and interpretation of available 
information about the site, 'site data' to decide whether it is contaminated 
or not. If classified as contaminated.the challenge is then to predict the 
volume of material to be cleaned up, design a remediation strategy for 
the site, and ultimately estimate a cost.
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Through site investigation contamination 
levels are known at discrete locations 
across a site. Analysis of this data allows 
us to gauge the level of contamination 
across the whole site. For mobile contam­
inants it is possible to assume that there is 
a relationship between known data points 
Problems arise in interpreting data for 
more immobile contaminants (such as 
lead, arsenic 3nd cyanide)
Historical land use data may include 
anecdotal evidence and incomplete facts 
about specific industrial processes.
The issue of certainty has two key 
aspects;
■  Tire certainty that the soil is contamin 
ated e.g. the test data is !OOmg/kg 
versus an acceptable :;mit of 5<ng/kg 
would have a high certainty of 
contamination, whereas a test result 
of 6mg/kg is not so certain.
■ The availability of data i.e. if there is 
data in ihe cell then you can tie more 
certain of the level of contamination 
than you would »f the result had been 
interpolated
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Assessment of Contaminated Land
This research looks to produce a computer based tool to help with the 
volume estimation stage. This tool will be developed using similar 
logic to the "Minesweeper'computer game. ’Minesweeper'is a 
single player computer game where the player must clear the 
minefield without exposing a mine. The risk of'h itting'a mine is given 
as a number for each location on a grid. The risk of hitting' 
contamination in the new tool will be evaluated based on all of the 
available information.
An important aspect of the tool 3nd research will be an assessment of 
the certainty associated with the available information. The output of 
the new tool will be a spatial map predicting the likely distribution of 
contamination and certainty o f the result.
Site Investigation Data
A key information source is site investigation data 
This data is obtained by: digging holes boreholes and 
trial prts etc), noting the geological strata and taking 
samples of soil groundwater and gasses for chemical 
testing. The result of the site investigation is contami­
nation levels being known at discrete locations
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In the past some industries have polluted the 
environment leaving areas of land around the 
country contaminated by toxic chemicals. 
Experts need to be able to assess the extent 
of this contamination and. if needed, design 
ways to clean it up before the land can be 
used. This research project aims to produce a 
computer based tool to help experts to do 
these assessments,using; information about 
the past, present and future land uses, 
chemical test results for samples of soil, water 
and gas. and observations of the soil types 
and groundwater levels.
EPSRC
Engineering Doctorate: Regenerating the Brownfields
SUPPORTING DOCUMENTS RP3.3
Research Project Document 
GR:ASS User Manual
GRASS User Guide
General Notes
AGS Compatibility refers to whether or not the input sheet can be directly converted to AGS format 
using an AGS add in for excel. Those that are compatible include hidden rows containing required 
AGS coding for conversion.
Cells coloured orange are for user input, however have restricted input values; drop down 
lists offer valid inputs in some cases or comment as guidance if list too long.
Cells coloured white are for general user input and are not restricted.
Contamination Ratings: the information sources available are assumed to be indicative of the extent 
and severity of contamination on a site. Information used in the assessment includes land use 
(general and specific features) and site investigation data (descriptive and soil test data). The ratings 
of contamination are either input manually by the user based on their experience or, in the case of 
chemical test data, calculated from acceptable limits. The ratings range from -2 to +2 and can be 
described as follows;
-2 is almost certainly no unacceptable soil contamination 
-1 possibly no unacceptable soil contamination,
0 is unknown
+1 possibly unacceptable soil contamination present
+2 is almost certainly unacceptable soil contamination present.
Symbol used to signify essential input for the assessment process
GR:ASS User Input
1. Project Details
Project information is required simply for identification of the site and reference for the 
user.
AGS compatibility: The details are not used in the assessment. However the Information is 
stored in a format compatible with AGS.
Project Details
N a m e  [ Example Site____________________________________________________ | ID  | Exam ple
C lie n t User Manual
A s s e s s o r NC
L o c a t io n UK
C o n t r a c to r
D a te 0 4 /02 /2009
P u rp o s e Example site
S ta g e Phase 2 Detailed Assessment
L a n d  U se  (R e f) Residential D evlopm ent - flats and carparking
R e m a rk s Example s ite fo r dem onstration in User Manual
2. Site Details
The assessment boundary is used as the boundary for the assessment. If this differs from the 
site boundary then this can be input separately (for example in the case of phased site 
development where only part of the site is of concern). The site boundary is not used in 
any calculations. Both are displayed in the boundary preview. The preview plot is provided 
as a quick check for the user that the assessment and site boundary have been input is 
correctly.
AGS compatibility: This input sheet is not compatible with AGS data.
S ite  D e ta ils
The assessment boundary will be used as the area for assessment - if this is not the same area as the site 
boundary, the site boundary' is to  be entered seperately for reference. Site boundary is not used in theBoundary
Ass«ssment Boundary
3. Land Use
Details about the previous uses of the site are entered here in three parts;
a) Historic land Use overview: includes list of previous uses, time period over which they 
were active and, where possible, the DoE Industry profile that best matches the land 
use. The land use inputs are to be general descriptions, for example gas works or 
housing.
b) Contamination Ratings: Each of the key land uses present on the site can be rated by 
the user in terms of how contaminative they are. (Range of discrete ratings used 
throughout is -2 to +2, see above for explanation). In addition a depth of influence can 
be entered to indicate the possible extent of influence of the land use on the substrata.
c) Land Use co-ordinates: Each of the rated land uses is to be plotted based on their 
boundary coordinates. Land uses of interest can be selected here. For a land use to be 
included it must have co-ordinates defining the area of influence.
The temporal data input is used to generate a timeline for the site history (see below for 
output). The DOE industry data selected here is used to generate a list of potential 
contaminants for the site to be compared with the test results. The "Jump To" buttons will 
display these outputs.
AGS compatibility: This input sheet is not compatible with AGS data.
La n d  Uses
Item Notes
Historic land Us*
A summary of the previous land uses on the site. Land uses are to be categorised accordingto the DoE Industry profiles where possible. 
Data is then used to generate timeline for the site and an overview lis t of possible contaminants - see Jump To' buttons for these 
outputs.
Historic Land Use: Contamination Ratings
The contamination ratings are to be input as an indicator of the contaminative nature of the land uses. If the historical land use has been 
followed by remediation of the site - do not include a contamination rating and add comment Remediation events can be added with 
contamination ratingto reflect the success or otherwise of the remediation to remove potential contaminants.
Historic Land Use: Area Coordinates Coordinates associated with the previous land uses must be included, coordinate system to be consistent with site boundary: Each land 
use can be selected for inclusion in the assessment using the tick boxes.
Historic Land Use
Lard Use Date (year) DoE Industry Profile
From Until General Lard Use Spec ific Land use
Gas works 1870 1930 Gasworks Gasworks, coke works and other coal carbonisation plants
Warehouses 1930 2003 Engineering works railway engineering works
Housing 2008 2060
Remediation 2000 2000
|  H istoric Land Use: C on tam ina tion  Ratings
■
Land Use Contamination Rating
Lard Use 
Area
Depth Start 
(n  below ground level)
Depth End 
(m below ground level)
-------------- . . .  — ................ ...................... ........  ■ ■ —i
Comment
Gas works 2 LUAreal 0 2.5 general land use across the site - see features fo r specific areas
Warehouses -1 LUArea2 0 1 to north o f assessment area
Housing 0 LUArea)
Remediation -1 LUArea4 0 2 Remediation o f part o f the site - de ta ils  not known
LUAreaS
LUAreaE
LUArea7
LUArea8
LUAiea9
LUArealO
1 Historic Land Use: Area Coordinates
LU Are a 1 @ Include LU Area 1 
Gas works
LU Area 2 Q  Include LU Area 2 
Warehouses
LU Area 3 Q  delude LU Area 3 
Housing
LU Area 4 [✓) Include LU Area 4 
Remediation
Co-ordinates Co-ordinates Co-ordinates Co-ordinates
X Y X Y X Y X Y
430 789 420 817 420 317 470 772.2
455 780 533 790 533 79*3 490 760
490 760 510 663 510 663 526 752
526 752 488 677 438 677 510 668
510 668 427 685 427 635 433 677
438 677 403 704 403 704 452 631
427 685 420 317 420 317 470 771.5
403 704
416 791
430 739
Land Use Area Preview
830
710
Easting (X)
LU Area 2 Warehousi 'LU Area 3 Housing LU Area 4 R em ed ia tii
— Assessm ent Boundary
4. Land Use Features
Details about specific features that relate to the historic land uses can also be input. 
Features that may have caused contamination on the site, or may have constituted a 
protective area can be included. For example a tar pit could be a land use feature associated 
with a gas works land use. Alternatively an area that has been remediated could be input 
with a negative contamination rating.
Input is in a similar format as the Land Use input sheet outlined above. The sections 
included for land use features are as follows;
a) Land use features; name, associated land use, contamination rating and depth of 
influence.
b) Land use features coordinates. As with the land use data these can be individually 
selected for inclusion in the assessment.
AGS compatibility: This input sheet is not compatible with AGS data.
L a n d  U se  F e a tu re s
Land UseFeatures: Contamination Ratings
The contamination ratings are to be input as an indicator of the contaminative nature of the land u 
remediation ofthe site-do not include a contamination ratingand add comment. Remediation ev 
the success or otherwise ofthe remediation to remove potential contaminants.
. If the historical land use has been followed by 
s can be added 'with contamination ratingto reflect
Land Use Features: *xea Coordinates Coordinates associated with the land use feature to be included, coordinate system to be consistent with s selected for inclusion inthe assessment usingthe tick boxes.
e boundary. Each land use feature c
Land Use Features: Contamination Ratings
Land Feature Associated Land Use Contamination Rating
Land Use 
Feature
Depth Start 
(m below grour.o level)
Depth End 
(m below ground level)
Comment
Gas Holder No 4 Gas works 2 LUF 1 0 2 Gas holder- not immobile contamination
Tank Area (unrem) Gas works 2 LUF 2 0 2 Gas tank holders - not immobile contamination
Tar storage tanks 2 LUF 3 0 2 tar areas less mobile contaminantion
Tar well 2 LUF 4 0 3 tar areas less mobile contaminantion
LUF 5
LUF 6
LUF 7
LUF 8
LUF 9
LUF 10
Land Use Features: Area Coordinates
LUF Areal □hckjdeLUFI
Gas Holder No 4
LUF Area 2 0  Include LUF 2
Tank Area (unrem)
LUF Area 3 0lncludeLUF3
Tar storage tanks
LUF Area 4 0  Include LUF 4 
Tar well
Co-ordinates Co-ordinates Co-ordinates Co-ordinates
X Y X Y X Y X Y
482.7 711.2 4617 763.2 432.5 756.8 432 780
505.6 700 4724 756.5 451.3 7523 492 730
499.7 680 456.4 680 448. S 731.3 492 770
479.2 69*0 444.2 690 429.5 738 432 770
482.7 71L2 4617 764.2 432.5 756.3 432 780
Land Use Features Preview
830
810
790
Q770
C. 750
o 730
710
690
670
650
oLTl Or-' orH O00 oCTi Omoro
Easting (X)
LUF Area 1 Gas H o lder No 4
------------ LUF Area 5 — -------- LUF Area 6
------------ LUF Area 7 LUF Area 8 — -------- LUF Area 9
------------ LUF Area 10 - - - - - - -  Assessm ent Boundary Site Boundary
5. Investigation Holes
The data associated with site investigation points has been split into sheets in accordance 
with AGS forms, this is for ease of data transfer.
The first sheet relates to the hole type, location, extent and any other general comments. 
The key information required for the assessment is the Hole ID (BH number), Easting and 
Northing information. All other fields remain present for reference for the user but do not 
need to be completed for the assessment.
As with the land use and site details a preview chart has been included as a quick check for 
the user to ensure that the coordinates used in the BH locations are compatible with the 
site.
AGS compatibility: This input sheet is based on the basic form for AGS conversion.
I n v e s t ig a t io n  H o le s
1 Hole ID Hole Type  ^ Easting (X)  ^ Northing Final Depth (m)
Grotrc Level 
(mOD)
Start Date End Date Backfill Date Locser Hole Orientation 
(degrees)
hole Inclination General Remarks
BHA 4614 759.272
BHB 45S.4 733.7
TP1 456 712.1
_____ m_____ ______________ _____ mi_____
No
rth
in
g 
(Y
)
n
^
J
V
O
M
U
J
U
l
>
J
V
O
M
3
0
0
0
0
0
0
0
0
Investigation Hole Location Preview
1 1 
1 1 
1 1
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i
/  : •  :
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*  •  ^  
•
•
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i
i
l  ~  "  ~  r  - •
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____________•
• 1 •  •  1 /4 ' 1 •  1 1 /
_____________ i /
/  .  ! • •i »  i i
L J  1 •  1 _ • •
€
•  /
/i
/ i
•  Investigation Hole 
Locations
<  : •  . :
i •  i 
_________ ~
•
•
•
•
•  ' 1 •  •  / i
/  i 
/  i
Boundary
—
i—i
• 
ii
• 
i  i
• 
i
-1 
- 
-1
»
>ii4// • • r  r  t  n  •  /1 I
1 1 
1 1 
1 1
-4 "  ^
1
1
1
o o o o o o o oO f N ^ l X J C O O o J ^ t
Easting (X)
6. Detailed Description
The data associated with site investigation points has been split into sheets in accordance 
with AGS forms for ease of data transfer.
The second sheet allows the user to enter the detailed descriptions associated with the 
investigation holes used. For each description a contamination rating can be entered and a 
radius of influence for that description. The radius of influence should reflect the distance 
over which the description is considered to be representative. If no contamination rating is 
included the hole is not included in the assessment. The data sheet is limited to 200 entries.
AGS compatibility: This input sheet is based on the basic form for AGS conversion.
7. Sample Data
The final sheet for investigation data entry is for the results of chemical testing for soil 
samples. The format of the sheet is compatible with AGS however manual input is possible.
AGS compatibility: This input sheet is based on the basic form for AGS conversion.
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GR:ASS Analysis Options
General Assessment Options
General assessment options include;
a) The depth slices of interest. Each slice is defined by a top and bottom depth from 
ground level. This depth based reference system is consistent with the input 
requirements for investigation data and depths of influence for the area based data.
G eneral Assessm ent O ptions
S ite  A s s e s s m e n t  O p t io n s
Ite m N otes
D e p th  A s s e s s m e n t
S lic e s  a re  c o n s ta n t  a c ro s s  th e  a s s e s s m e n t  a re a . U s e r  to  in p u t  th e  
d e p th  ra n g e  o f  in t e r e s t  Each s l ic e  c a n  b e  s e le c te d  f o r  in c lu s io n
G rid  s i t e S p a c in g  o f  th e  g r id  t o  b e  a s s e s s e d
D a ta  S e le c t io n D a ta  t o  b e  u s e d  in  th e  a s s e s s m e n t  can  b e  s e le c te d  b y  t h e  use r.
S ite  C r ite r ia T h e  s i te  .v id e  pH  a n d  SO M  u s e d  in  th e  s e le c t io n  o f  g u id a n c e  v a lu e s
| D e p th  S lic e s  In  A n a ly s is
Slice Top  D ep th  (m ) B o tto m  D ep th  (m ) Assess?
S lic e  1 0 1.5 0  Include Slice 1
S lic e  2 1.5 3.3 0  Include Slice 2
S lic e  3 □  Include Slice 3
S lic e  4 0  Include Slice ♦
S l ic e ? 0  Include Slice 5
b) Grid spacing is required to define the granularity of the assessment grid. The potential 
suspected hotspot size can be used to determine appropriate grid spacing for the 
assessment.
G r id  S iz e
H o ts p o t  s iz e  t o  f i n d  to  i '5 3o 
c o n f id e n c e
5
G r id s i ie  f o r T e s t in g  D e s ig n  
•CLP4)
3.6
G rid  Spacing___________ j______________ 1 0  | in
iVfertpVt 10
c) The assessment can include up to four elements of data (land use, land use features, 
borehole descriptions and chemical test data) the user can select which are to be 
included in the combination process here.
| A s s e s s m e n t  C r i te r ia  t o  U s e
Land Use 0  Include Land Use Data
Land Use Features 0  Include Land Use Feature Data
B orehole D escrip tions 0  Include Strata Descriptions
Chem ica l D e te rm in a n d s 0  Include Chemical Data
| S ite  C r i te r ia
S ite  pH 7
S ite  SOM 3 %
Chemical Analysis
The assessment of chemical determinants requires input from the user to establish both the 
chemical determinants of concern and also the selection of guidance values to be used.
a) The user is required to list the determinants of interest and their potential to spread (i.e. 
radius of influence), which should be input based on the contaminant properties.
p
Site Specific G u idance Values
Determinants Guidance Value (m gAs)
i Ammoniacal Nitrogen 100
2 Benzene 8
3 Napthalene 23
j 4 Benzofa'pvrene 55
5
6
7
s
9
10
11
12
13
14
1 15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
i
D e te r m in a n d s
D e te m iin a n d R adius o f In f lu e n c e  (m )
i A m m o n ia c a l N itro g e n 20
2 B enzene 10
3 N a p th a le n e 10
4 B e n z o ia lp y re n e 5
5
6
7
3
9
10
11
12
13
14
15
16
17
13
19
20
21
22
23
24
25
26
27
23
29
30
b) The selection of guidance values is required. The preference for the source of guidance 
values is predetermined. Site specific guidance values are considered the best data 
available, and then UK based generic values followed by others available. To enable the 
combination of qualitative and quantitative data a common rating system has been 
developed. The contamination rating for chemical test data is calculated based on the 
ratio of test results to the best available guidance value. The user is able to modify the 
ratios at which contamination values are applied.
G u id a n c e  V a lu e s
1 S ite  S p e c ific  G u idance  V a lu e s  0UseSSGVs
2 CLEA UK .;20C'S> SGVs □  Use CLEA 08 GVs
3 D utch  SRC <1 n te g i ated;. □  Du,ch GVs
|s ite  la n d  Use [R e s id e n tia l w ith  p la n ts  |
C o n ta m in a t io n  R a t in g  F a c to rs
Contam ination Rating Factor o f SSGV Factors fo r o ther GVs
-2 0.6 0.1
-1 O.S 0.9
0 1 1
1 1.2 1.1
2
Combination Options
The options available for combination of data are to be selected. The user can select from; 
Addition Method: a simple sum of all contamination ratings available in the grid cell;
Weighted addition: the information sources are given weightings by the user or 
suggested values based on the results from RP1 expert weightings that are relevant 
for housing developments;
Chemical data priority: the best available information is used exclusively if available. 
In the absence of chemical test data the other data is weighted and combined.
In all cases there is an option to select;
the worst result of each data type (i.e. worst land use rating in each cell, worst land 
use feature in each cell, worst description and worst chemical test result), or
all available data in each grid square to be combined.
With regard to the weighted sum the user is also able to modify the weightings applied to 
each type of data.
Combination Method
1 Addition M ethod □  All Data 1 1 Worst Result
W eighted Addition 1 □  All Data 1 1 Worst Result
Chemical Data P riority □  All Data 0  Worst Result
Criteria Weightings
Land Use 0.05
Land Use Features 0.1
Borehole Descriptions 0.5
Chemical Determ inands 1
The user must then select the plot requirements for the analysis.
Combination Output Plot -  which of the combination methods is to be plotted
Selected Output Plot -  the user can select a single contaminant of interest to be 
plotted
Individual Plots -  the worst ratings for each data type can be plotted separately; 
land use, land use features, descriptions and contaminants.
For the plots the user must select the colour scale to be used whereby the minimum 
combined rating will be plotted green, the maximum combined rating will be plotted red 
and all other ratings will be graduated in colour between the maximum and minimum 
ratings.
If a combined rating falls outside of the range given the maximum or minimum rating will be 
used to colour the grid cell. For example if the range set was -10 to +10 and a combined 
rating was +15, then the grid square would be plotted red.
The user must set the maximum tolerable rating to be used as a cut off for volume 
estimations. All grid squares with a combined rating greater than this value will be included 
in the volume calculation.
Range fo r Combination 
Plot Data Shading
Combination O utput Plot C hem M ethodW O R ST M in P/ax
E nte r a c o m b in a t io n  o f  in te re s t -10 10
__________________________________________________  I f  a v a lu e  f a l l s  o u t s id e  o f  t h e  r
Selected O utput Plot | A m m o n ia c a l N itro g e n  [
E n te r s p e c if ic  re s u lt  o f  in te re s t
[ Volume Calculation
[p /in  Acceptable Contam Rating_____________________ 1
rs- 's^gs ofp:-ss;d>e van.es css* cl roe zc<r'C'naiw, 'vsinocl use s’
In lu d e  In d iv id u a l p lo ts ?  Include Component Plots
Finally the Start Assessment button is displayed for the user to initiate the assessment 
calculations.
S T A R T  A S S E S S M E N T
GR:ASS Outputs
Slice Plots
The selected combination method is used to bring all of the data together across the site 
and produce a plot of the likely spread of contamination. Each grid square is coloured 
independently based on the result of the combination of data.
Green indicates that the combined data suggests the grid square is not 
contaminated
Blue suggests that the data available is inconclusive, OR that there is conflicting 
data that cancel each other out. In this case conflicting data is denoted by a red 
boarder applied to the square
Red indicates that the combined data suggests the site is contaminated.
Grey indicates a cell with no data at all.
■ Site Squares ■l" Site boundary
BH locations
LvkJonco suggesting ho co ltd n n u tio -  
H  Possibly not contaminated 
■  Evidence inconclusive 
Possibly contaminated 
m  Evidence MKj._jes'T(j ce ' , , <.<;n|anii i:i!;:>ii
 j  No evidence available at this location
Contradictory evidence at this location
Slicel: AdditionMethodALL 
Om to 1.5m Depth 
Contam Ranp.e from -10 to 10
710 -
In addition to the overall combination plot a number of other plots can be produced:
Worst results for land use, land use features, BH descriptions and chemical test 
data are produced and Jpegs added to the Slice Results tab
A plot of a single aspect of interest is included; e.g. distribution of a single 
contaminant.
A plot of data density across the site is produced. This illustrates the location of 
data across the site. Each square is coloured individually based on the number 
of results that are included in the assessment at that location
Slice 1 Single Result Charts
Slio* <5iid Volurn* Slio* Conrtamlant*d V Slio? <3iid Volume Ot
Sited: MtantLUConiamRdU  ^
Onfr to '1.5m Depth
SrCtSpuMM
BHlccahons
I
110 4)0 4 SO 490 510 S30 550
Sbcel: wor&tChcmCort&mRjling 
Oin Id 1.5m Depth81G         , , ,----
330 410 430 450 470 490 510 530 550
Steel: wofstOei-cCcnlumRflting 
Orrta LSm DepthS10 -----  ,--------- ,---- ,---- - ----- ---
S l ic e l  R e s u lt C o u n t
810
790
770
710
690
670
650
Site Squares •  BH locations
“ Site boundary
F
I
390 410 430 450 470 490 510 530 550
2. Volume Calculation
The user can select a contamination rating above which squares are to be included in the 
volume calculation. The programme is then able to sum all of the blocks where the 
contamination rating is equal to or greater than the cut off value. In addition the total 
volume of the assessed slice is also calculated.
-*J
Using ChemMethodV 
Total Slicelvolume = 
Slice Volume with Cc 
Volume o f grid outsit
JORST 
=19350 m3 
jntam Rating > 
ie  o f assessme
OK
1 = 5700 m3 
n t boundary = 4062m3
Time line and Potential Contaminants
A timeline of the history of the site is produced based on the land uses input above. In 
addition to the timeline the programme will list the potential contaminants associated with 
the historic land uses based on the information included in the DoE Industry Profiles.
Site History
Time Line L im its
Year to start timeline 1880
ok
Year to end timeline 2060
Time between Intervals on timeline (years) 30
Number ot Intervals on time line 6
LAND USE HISTORY
Land Use Date (year)From Until
Gas works 1870 1980
Warehouses 1980 2008
Housing 2008 2060
Remediation 2000 2001
Jump To Land Use 
Input Tab
TIME LINE
T im e  (Y ea rs )
Land Use
Gas works
WarehousesHousing
teteimlnanos
AssessedAmmonacal NilrooenBenz ereNaethalene CadmiumEenzc{a|p(T?ne ChromiumCc«hLeadMercuryNickelZincArseni:Vanadium
SulphurPotassium CyanideReeC/artde
SulphateSulphur.AsbestosPHPhenol
TPHAromatic trydrocjrtxnsPAHChtcro Alpnadc Hydrocamccre;hlcfo Aramaic W.xtccartonsPCBsChains a lurans
Engineering Doctorate: Regenerating the Brownfields
SUPPORTING DOCUMENTS RP3.4
Research Project Document
GR:ASS Method Applied to Volume Estimation Case
Site
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SiteDetails
Site Details
Item Notes
A s s e s s m e n t /  S ite  
B o u n d a ry
T h e  a s s e s s m e n t b o u n d a r y  w i l l  b e  u s e d  as th e  a re a  f o r  a s s e s s m e n t -  i f  th is  is  n o t  t h e  s a m e  a re a  as th e  s ite  b o u n d a ry ,  
t h e  s ite  b o u n d a ry  is t o  b e  e n te r e d  s e p e ra te ly
Assessment Boundary
1 
2
3
4
5
6
7
8
9
10 
11 
12
13
14
15
16
17
18
19
20
' r *  Easting (X) ^
A ssessm en t A re a  = 10192 m 2
Site Boundary ( if d iffe re n t to  Assessment Boundary)
Bounary Preview
Site Boundary 
•Assessment Boundary
770
oo oCM o oCO o oo o
Assessment Boundary 
Co-ordinates
X Y
430 789
455 780
490 760
526 752
526 752
510 668
488 677
427 685
403 704
416 791
430 789
1
2
3
4
5
6
7
8
9
10 
11 
12
13
14
15
16
17
18
19
20
Site Boundary 
Co-ordinates 
X Y
420 _______ 817
533 _______ 790
5 10 _______ 668
4 88 _______ 677
427 _______ 685
403 _______ 704
420 817
54
0
!! f} is
II 11
i!
_«JL
A
I
sI3
!•
!!
ii
hi i 
1!!
i l l
I
I
I
I
1 I £ g s g § 1 g §
I
ri
,i
- . 1 1 !
' I '
or* s
I I I
ff
If
I I
I I I
:
11
I 1
il 
a
r n
1
h i in
ii
i3
1
if
IF f f lW
I s
il
I I
I i
1
ii
(A) SuiMUON
In
ve
st
ig
at
io
n 
H
ol
es
G
en
er
al
 R
em
ar
ks
Ho
le
 
In
cl
in
a
tio
n
Ho
le
 
O
ri
e
n
ta
tio
n
 
(d
eg
re
es
)
Lo
gg
er
B
ac
kf
ill
 D
at
e
En
d 
O
at
e
St
ar
t 
D
at
e
G
ro
un
d 
Le
ve
l 
(m
O
D
)
Fi
na
l 
D
ep
th
 
(m
)
[
N
or
th
in
g 
(Y
)
75
9.
27
2
73
3.
7 rH
rH
r* 68
9.
7
68
8.
7 r-*00LO 76
6.
1
75
2.
47
4 0E
2
71
4.
00
7
69
7.
6
70
7.
4
68
7.
11
74
2.
75
7
75
7.
60
1
73
0 SE 2
cr>
ro
70
9.
1
74
6.
34
1
72
3.
74
8
70
3.
6
71
9.
74
4
68
3.
78
1
67
2.
36
78
1.
05
3
LO
CMr*
S
E
Z
2
052
O
71
2.
3
70
6
76
9.
5
70
0 
!
70
6
74
2.
1
70
1.
9 
j
74
8.
10
4
68
5.
3
74
3.
78
2 
!
73
9.
22
6
72
6.
90
1 
|
77
3.
50
1 
!
76
2.
1
69
1.
2 
!
69
8.
6
p
Ea
st
in
g 
(X
)
I 
46
1.
4
00
9S
t-
43
5.
9
1 
44
1.
9
45
4.
47
8
47
0.
35
5
47
0.
76
4
47
0.
93
4
46
8.
13
5
46
5.
9
46
7.
03
9
| 
46
1.
31
6
41
6.
32
6
49
0.
3
49
0 LOCD
49
8.
9
49
8.
61
50
4.
9
00rH
o
*3-
o 50
5.
6
41
4.
12
1
50
3.
59
50
4.
44
43
7.
71
7 OEt?
E'EEt?
| 
ZZtt 436
.3
 
!
42
4.
6
46
1.
8
43
5.
2 
|
50
1
44
2.
3 
|
49
6.
3
51
0.
53
7
49
3.
6 
|
47
2.
87
3
49
8.
9
48
8.
92
1 
|
43
3.
11
2 
!
43
3
28 PP
00
CM
■5t
Ho
le
 
T
yp
e
Ho
le
 
ID o
Q.
1- T
P
11
TP
12
CO
Q_
H-
<ro
CL
H TP
13
D
CL
1-
rH
o_
1-
LO
CL
1-
CL
1- TP
18
TP
18
A
| 
TP
19
TP
2
TP
20
A
TP
23 CMCL
LO
CMCLh~
LO
CLh-
r>.
CL
00
CL
H
CD
CMCL
roCL
h-
oroCL
1-
COCL
1-
CL
H
LOCL
1-
<  LO 
CL 
1—
CO
LOCL
H
JOLOCL
H
2
d
l
8
d
l
cnCL
ro
X
u
z
CC
| 
TR
EN
CH
 
26
-2
9 
|
W
S
1
W
S
10
W
S
11
CM
LO
5
C\JC/5
5
LO
5 W
S
4 LOLO
5 g
00LO
g
CT>
g
21
/0
3/
20
10
co
a.
oos
m
o ocn o o o o ooo
D
et
ai
l 
D
es
cr
ip
tio
n 
- 
A
G
S
OJQ"D<U
<uQ
Ran
ge 
of 
Infl
uen
ce 
from
 
Ho
le 
(Ra
diu
s, 
m)
o
T—1
o
H
o
rH
1 
°
'T
1 
. 
°'T
1 
_ 
°
'x
j 
o
x
; 
0
1
0
1 o
r-i
1 
°
'T o
1 
°
'T
0
1
j 
0'T
[ 
. 
°
'x o
1 
°-T o
1- 
°
'X or-i
o
rH
o o
rH
o
; 
o
'x
1 
0
1
1 
0
1 q
r-i
o
1.
0 q
1.
0 o
rH
o
1.0
 
!
o
r-i
l
_
........... 
0
1
1 
. 
o
x
1.0
 
i
o
1.0
 
1
i.o
 
;
i.o
 
:
o
to
c
ro
cc
co LO q LO q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q LD q q q q q
IS
c
£ro
co
u
r-i rH s—i r-i r-i r-i rH r-i rH r-i rH r-i rH r-i r-i r-i rH r i rH rH rH r-i r-i r-i r-i
<s Of QJ 03 03 03 03 03 03 03 QJ S 03 QJ QJ 3 03 03 S 03 03 03 S 03 QJ 03 03 QJ 03 03 03 S QJ o) QJ 03 03 QJ 03 03 03 03 03 03 03
03 03 03 ro 03 03 03 ro 03 03 03 03 03 03 ro ro 03 03 03 03 03 03 03 ro 03 03 03 ro ro 03 03 ro ro 03 03 ro 03 ro 03 ro 03 ro 03 03 ro
U U U u U U U u U U ° U U U u u ° U U u U U U u U ° U ° u U U U U o U U u U U uro 03 03 03 ro 03 ro 03 03 03 ro 03 ro 03 03 ro ro 03 03 03 03 03 03 03 03 03 03 03 ro 03 ro ro ro 03 03 03 03 ro 03 03 ro 03 03 03 ro
C C C c c CZ c C C C c C c C c C c C C c e C C C c C C C c C c c c C C C C c C c c c C C c
CL CL CL Q- CL CL CL CL CL Q. CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL a. CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CLO O O O O O O O o O O O O O O o O O O O O O O o O O O o O o O O O O O o O O O o O O O O O
E E E E E E E E E E E E E E E E E E E E E E E E E E £ E £ E E E E E E E E E E E E E E E E
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
2 2 2 2 2 "2 2 2 2 *2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
03 QJ QJ 03 03 03 CL) 03 03 03 QJ QJ 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 QJ 03 03 03 03 03 03 03 03 03 QJ 03 a> ai aj 03 a>
CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL Q. CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL
CL CL CL CL Q. CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL Q. CL CL CL CL CL CL CL CL CL CL CL CL03 03 03 03 03 03 03 ro 03 03 03 03 03 03 03 03 03 ro ro 03 03 ro 03 03 03 03 03 ro 03 ro 03 03 ro ro ro 03 03 03 03
Q. X -a x x X -a -o “O X TD ■a "O ■o T3 •cj ■o ■a -o TJ ~o x> xs X X X X X X X X X X X X X X X X X X X X X X X
g c CZ 2 § 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 +- 2s 03 03 03 03 ro 03 ro ro 03 03 ro 03 03 03 03 03 03 03 03 ro 03 ro 03 03 03 03 03 03 03 03 03 03 ro 03 ro ro ro 03 03 03 03 ro ro 03 roQ E E E £ £ £ E I E E E E E E E E E £ I I E E E E E E E E E E E E E E E E E E E E E E E I E
’ro 2 c 2 ■IB■2 2 2 2 2 2 2 2 +- 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
cu o o o o o o o o o o o O o o o o o o o o o o o o o o o o o o o o o o o O o o o o o o o o oQ u o u u u U u u u u u L> u u u u U u u u u u
25 25 25 25 3? 35 25 85 85 85 85 85 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
2 2 2 2 2 2 2 2 *2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E E
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o O o o o o o ou u u u u u u L> u L3 u a u u u
"O X x x "O X X X ~a ~a “O ~o T3 ■O ■a ■a ■D XJ "O XJ XJ X X X X X X X X X X X X X X X X X X X X X X X X
E £ E £ E E £ E E E E E E E E E E E E E E E E E E E £ E E E E E E E E E E E E E E E E E E
zj Zj zj zj ZJ Z3 zj zj 5 3 3 D zz 5 o 3 3 3 2 3 zz 3 Z3 D D D D Z3 D D D D ZJ D D D ZJ D D D D g
ro ro ro ro ro ro ro
7
ro ro ro
7 7
ro ro
7
ro ro ro ro ro ro ro ro ro ro ro <8 ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro
2 to +-» t^ 4-* 2 2 2 2 2 2 2 2 2 -*-< 2 2 2 2 2 2 4-J +-» 2 tn 2 +-» 2 +-> +-» 2 2 2 4-» 2 2 2 2 2 2 2 2 2 +-» +-»
03 a; 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 QJ 03 a> 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03
\— H h- I— h- J— H | - 1- 3- H H J- 1- H 1- H h- 1- I - 1— h- H- H h- I - 1- \— h- h- 1- H H h- f— h- h- h- h- I - h- h- h- H H
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 Q Q 9 9 9 9 9 9 9 9 9 9
LL u- LL u_ LJ- LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL LL
o o o o o o O O o O O O o o O O o o O o o o O o O O O o O O o O O o O o O O o o O O O O o
j : JZ JZ sc jz sz SZ SZ sz SZ SZ SZ SZ sz JZ JZ sz sz SZ -C JZ JZ JZ JZ SZ JZ SZ JZ JZ SZ JZ JZ JZ JZ JZ JZ JZ JZ sz JZ JZ JZ JZ JZ JZ
< < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < <
JC
a O o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o oO o o ld O o o LO o LD o o o o o o o o o o LO LD o o o o o o o o o o o o LO o o ID LD ID LD o o IDVO H VO 00 rH r^ r\j LD 00 o q LO o 00 rH q q 00 q rH VD 00 <T> 00 cn VD o q o q CM ro LD ro CM q o q
<u
<2
o o d o o o r-i o o o o o o r-i o o m o d r-i o CM r-i d d o d d o o o o o Di
_
j=
a o o o o o o o o o o o o o o O o o o o o o O o o O o o o o o o o o o o o o o o o o o O o o
O o o o o o 8 o o f—i o o o o o o o 8 o o o o o o 00 O o o o 8 o o o o o o 8 o 8 o ro o o o q 8
a
©
o o o o o o o o o o o d o o o o o o o o o o o o o o d o o o o o o o o o o o o o o o o d
ro
9 rH CMX X
qjo < CO o o CN ro <ro oro LO VO oo <oo O) <o m ■'O’ LOVD 00 cn o uz uz VD o rH rH CMX cm VO VO r-* 00 CD T—t tH rH rH rH CL £ rH rH rH a! CM CM CM CM CM CM CM CM CM ro ro LU S LO00 OOOOoo VDCDCDCDCDCD
H 1- 1- 1- h- h- 1- h- h= h- 1- \ - 1- 1- H \ - I - h- H I - 1— h- H h= h- H h- f- och- 5 $ § § $ $ § $ $ 5 5
21
/0
3/
20
10
Co
nt
am
in
an
t 
Te
st 
Da
ta
AG
S 
De
te
rm
in
an
d 
C
od
e
De
te
ct
io
n 
Li
m
it
Te
st
 
m
et
ho
d
Te
st
 
re
su
lt 
un
its
m
g/
kg
E m
g/
kg
1 
m
g/
kg
1 
m
g/
kg
E e
la
E
1 
m
g/
kg
E
1 
m
g/
kg
m
g/
kg
E E
'Sc
E E £
'So
E E m
g/
kg
m
g/
kg
E m
g/
kg
*Sc
E
la
E E
'Sc
E m
g/
kg
 
1
E m
g/
kg
1*
E
'Sc
E E m
g/
kg
'Sc
E m
g/
kg
 
l
E
*Sc
E m
g/
kg
m
g/
kg -5?
"tiB
E m
g/
kg
m
g/
kg <
E m
g/
kg
 
(
m
g/
kg
m
g/
kg
DO
E
"do
E E E m
g/
kg
 
|
Te
st
 
R
es
ul
t
5.
00 oo oo oq
5.
00
oq
oq oq
39
.0
0
5.
00 oq oo oo
oo Oo
11
.0
0 oo -
oo u,
oo oo -
oq «,
oo oo - 16
.0
0 oo o
cri
oq oo o
CN
oo - -
oo oo u,
oo -
oo oq oq - -
Te
st
 t
yp
e
I
D
et
er
m
in
an
d
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
|B
en
ze
ne
|B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
|B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne
| B
en
ze
ne cCDNCCD
CO B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
 
I
B
en
ze
ne
Be
nz
en
e 
1
B
en
ze
ne
 
1
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
 
!
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
 
|
B
en
ze
ne
 
|
B
en
ze
ne
 
|
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
B
en
ze
ne
Be
nz
en
e 
!
Be
nz
en
e 
j
oca>
cCD
m
R
ef
er
en
ce
N
um
be
r
Sa
m
pl
e 
Ty
pe
Sa
m
pl
e 
B
as
e 
D
ep
th *3-
o
oq
o 3 o o
00 cn
o 2 2 3
i***
o
CD
o 3 o o <3; o - 1"* <3-o q o 3 o f t 3 «5to o ri 2 d *5o r*»d "3;o o *3-o d o d o o o o o COo o ro o o
| 
Sa
m
pl
e 
To
p 
D
ep
th o
o 0.
70 oo
0.
70
o
or** ooo
o
o
*3;
o
rH1
oo
2.
10 oco
o
O
SO
Oo
3.
10
0.
50
0.
20
O
0.
40 O O
0.
30
o o
o 7 
00
0E
0
o oo
0.
30
o
o r-i
o o
d
o
<3-
o
oCO
o
o
o
o
o
o
o
o
o 0.
75 o
o
o
o
o^3-
o 0.
40 oM-
o
o
o
or-.
o
o
d
0Z
Z
0.
25 3^o
Ho
le 
ID
TP
10 otHCL
1- TP 
10 «—1 CL CL
t-
E
Tdl TP
13
A
TP
13
A
TP 
14
TP 
14
| 
TP
15 HCL
h- TP
 1
6
| 
TP
17 CL
TP
18
A CNCL
f—
<O
CL i-
a! a!
9Zdi 
1
TP
27 CL a! a!H- 1-
o
CL h-
■■3-CL1— CLy-
| 
TP
6A
TP
6B CL CL CLh-
cl
H
£f—
It
RE
NC
H 
26
-2
9)
W
S
l
W
S
l
w
s
io
W
S
ll
W
S1
2
S 1 WS4
9S/1A
9S
M
3 1 5
21
/0
3/
20
10
Co
nt
am
in
an
t 
- A
G
S
1 
m
g/
kg
m
g/
kg
m
g/
kg
£ m
g/
kg
m
g/
kg
3>)/3uu "SoE m
g/
kg
E
*00
E m
g/
kg
1 
m
g/
kg
m
g/
kg
'5o
E m
g/
kg
 
|
__
_
m
g/
kg
i 
m
g/
kg
'So
E
la
E
*00
E m
g/
kg
'w
E
| 
3)|/3
uj m
g/
kg
m
g/
kg
m
g/
kg
'w
E
'w
E E E E m
g/
kg
 
!
'ei
E
*02
E m
g/
kg
m
g/
kg
m
g/
kg
 
I
w
E m
g/
kg
m
g/
kg
 
!
m
g/
kg
I s
£ m
g/
kg
m
g/
kg
'w
E E m
g/
kg
m
g/
kg
m
g/
kg
m
g/
kg
m
g/
kg
 
|
E
-2?
E m
g/
kg
, 
1.
20 r-o
o
o
d
o cn
o d
oq 00
d d
oo
o
oo
oq
*3- 3
■'3-o
o o
or". CD
o
o o
o o
o
o
CD
o
o o
d
o
o oo o
o
o
Nj
o d d 3
rH
d 16
0.
00 o oo•si- 00o ISd
o o
o d o o
o
o
o o
o
q
o
o
o
o
o
o
o
o
o o
q
d
o
o
•3-o
o
| N
ap
th
al
en
e
|N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e
[N
ap
th
al
en
e
| N
ap
th
al
en
e 
i
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e 
1
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e 
1
| N
ap
th
al
en
e
|N
ap
th
al
en
e
[N
ap
th
al
en
e
| N
ap
th
al
en
e 
,
| N
ap
th
al
en
e
|N
ap
th
al
en
e
[N
ap
th
al
en
e
| N
ap
th
al
en
e
|N
ap
th
al
en
e
| N
ap
th
al
en
e
[N
ap
th
al
en
e 
!
| N
ap
th
al
en
e
| N
ap
th
al
en
e
| N
ap
th
al
en
e 
|
| N
ap
th
al
en
e 
|
| N
ap
th
al
en
e
| N
ap
th
al
en
e
[N
ap
th
al
en
e 
!
|N
ap
th
al
en
e
N
ap
th
al
en
e 
|
N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e 
I
N
ap
th
al
en
e 
|
N
ap
th
al
en
e
N
ap
th
al
en
e oc0)
03-C
Q.CO
z
0)c_03<0-C
Q.C0
z N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e
N
ap
th
al
en
e
d o o 3
00
o
in
o 3
00
o
rH
3 d o 3 o d d
<3;
d CN
n-
r-i
<3-
o 2 d i"-r-i *3-o 3 •3-o qo sq 2 o 3 o nso d <3-o •a-d o 00o o r-i o o o o o o o 3 •So
0.
4
d o - o d d - 3 o o - 3 o o o
r^
o r-i 2 d 2 o - q d N; rH o o a H o r-i o d o o 2 o o r-!o o N; d •td ■^rd N-o o h*o o 3 d
TP
10 orHQl
y-
orHCLh-
CL1- CLh-
rHCL
H- TP
13
0
CL
K-
«—i CL H
CL
h-
rHCL
h-
CD
i -
r-T—l
H
CL
H
<00
CL
1—
rHCL CLl - TP
20
A
a!
1-
cl
i-
CL
H
CD
CL
H
r-
CLt- clI— cl1-
cn
CL
f—
cn
CL
H-
Ql
o
CL
H
CL
H
N-CL
H
CL
H
<
CL
h-
-Q
CL
h-
-Q
CDCL
r-»CLy—y- £H CL
| 
TR
EN
CH
 
13
|T
RE
NC
H 
26
-2
9]
rH
5 g W
S1
0
W
S
ll
W
S
ll
W
S1
2
g §
*3-
g
CD
g g g
00
g
cn
g
21
/0
3/
20
10
Co
nt
am
in
an
t 
- A
G
S
"SB
E £ m
g/
kg
E E m
g/
kg
'5d
E m
g/
kg
E £ E m
g/
kg
'5c
E
1 
m
g/
kg
00
'oB
E m
g/
kg
m
g/
kg
! 
m
g/
kg
E
1 
m
g/
kg
m
g/
kg
E E E m
g/
kg
; 
m
g/
kg Q0-V
E
'5c
E
-L?
"So
£ £
00
"oB
£ E
'5B
E m
g/
kg
'5c
E E
8>|/3w '5c
E
"5b
E £ m
g/
kg
E m
g/
kg
m
g/
kg
 
I
m
g/
kg
 
[
~5c
E E E
"oB
E m
g/
kg
£ E E
'Sc
E £
oo
d
o
d
oo
rH
oo oo
o
o
o
o
o
o
cri
o
d
o
o
oo
oo oo
d o
o00 o (N
00o
o d o -
rH
O o
o o o
o>’ d
oo-O'
rH
rH
oo
o
ocn oo okOrH o
00
o
o o LO
o
oo
o
o
d
q
o
kOoo
o 0.
02
9
o
o o 2 o
rH
o
rH
d
CDc
CD
a .
nj^
o
m |B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e CDc
o
>.Q.
03
O
cCD
m |B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e CDC
0)
>,Q.
0 ,
ON
CD
m |B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
lp
yr
en
e
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
|B
en
zo
[a
]p
yr
en
e 
|
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e 
!
B
en
zo
[a
]p
yr
en
e 
'
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e 
j
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e 
I
B
en
zo
[a
]p
yr
en
e
B
en
zo
[a
]p
yr
en
e CDc
CD
Q.
03
ON
0
CD B
en
zo
[a
]p
yr
en
e
d
'd-
o
00
o 3 o o
00
o 3 3
r^ .
o o H 3 d o o o - o 2 d
r-'-
rH o *5? rH o d a 2 o 2 d
O'
o o o
■kt
o o
00 kD
o 2 d o o o o
00
o o 2 d
0.
4
o
o^
o « o o
r^ -
o - 3 o o rH 3 o o o o 2 rH o 2 d - 2 o - o d a H o 2 o d o d 2 o o o o o d o d o o o 2 o
°tdl 
_
l
orHCL1-
oHCLH CLh- CL CL
Q
rHCLt—
rHCLH CL
rHCL CL rHCLH-
rHCL
00
CL
H
<oorHCLH
CL a!1-
1 
TP
20
A
H- a!f—
kO
CLh- 2 CLH
00
CL
00
CLt- a!h- a!h-
a!
( -
o
CL
H
2
H
CL
H H-
<kO
1-
jQ -O
CL
O'CL
1- £h- £h- a)H
Xu
z
OJ
Xo
z
QC
H-
§ W
S1
0
W
S
ll
W
S
ll rH
3 3 3
kO
3
kD
3
O'
3 3 3
21
/0
3/
20
10
Co
nt
am
in
an
t 
- A
G
S
m
g/
kg
1
E m
g/
kg
m
g/
kg
'Si
E m
g/
kg
E m
g/
kg
(55
E m
g/
kg
m
g/
kg
m
g/
kg
E E m
g/
kg
E E m
g/
kg
~c2
E m
g/
kg
E m
g/
kg
m
g/
kg
'oo
E m
g/
kg
m
g/
kg
m
g/
kg
m
g/
kg
m
g/
kg
'w
E E m
g/
kg
"bo
E m
g/
kg
m
g/
kg
"be
E
8)|/8m 't2
E
1*
E m
g/
kg
E m
g/
kg J*
E m
g/
kg
m
g/
kg
E m
g/
kg
 
1
£ E E
'ci
E m
g/
kg
'w
E m
g/
kg
 
|
46
i 
81
.0
0 oo
o 58
.0
0
42
.0
0
7.
50 £5 
1
62
.0
0 oo oo oo
78
.0
0
48
.0
0 kO
oo
7.
50
oo
36
.0
0
46
.0
0 6£ 
I
oo
<3-
1 
38
.0
0
I 
46
.0
0 oo
ss
o 0S
L
©
7.
5 o
oo
7.
50 o
oo
o
oo oo
7.
50
7.
50
oo
'XT(N
oo
7.
50 a 7.50
 
|
7.
50
7.
50
7.
50 K 7.
50
7.
50
7.5
0 
|
|A
m
m
on
ia
ca
l 
N
itr
og
en
|A
m
m
on
ia
ca
l 
N
itr
og
en
|A
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
lA
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
Ni
tro
ge
n 
!
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
Ni
tro
ge
n 
|
A
m
m
on
ia
ca
l 
Ni
tro
ge
n 
|
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
Ni
tro
ge
n 
|
A
m
m
on
ia
ca
l 
Ni
tro
ge
n 
I
A
m
m
on
ia
ca
l 
Ni
tro
ge
n 
j
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
N
itr
og
en
A
m
m
on
ia
ca
l 
Ni
tro
ge
n 
|
A
m
m
on
ia
ca
l 
N
itr
og
en
0.
4
1 
0.
8
a
00
o
so 
I ; 
-3 0.
8
I 
1-
4
? 
> n
\
20 
|
0.
6
i.
i ZE
0.
6
0.
6
0.
3 tr'X
5-0 -
r«»
r-i 0.
4
1.
6
0.
5
1 
™ 
1
I*** ro SP
I 3 o 0
.6 1 
j
S'0
s
i
0.
45 0.
4
0.
4
1.
4
0.
4
0.
5
0.
8
0.
6
2 0.
6
o d 0.5
 
|
o 0.
8
0.
6
2 0.
45
1 
3 
0
0.
3 r".
d -
r
o
0.
45
LI 
|
2
0 EX
1
0.
6
d -
IE
1 
0.5
 
|
0.
2 zo
_ 
EX
P
0
6
1
0.
3
rH
P
0 - 1.
6 E0 1.
4
- 0.
3 SO
1
SO
..
. 
1-
4
0.
35 o 0.
3 E0
EX m
d 0.
4
0.
75
!
o d 0.
4
0.
4
0.
4
o
_ 
SO
0.
25 0.
4
TP 
10
TP
10 orHCLt- T
P
ll rH
Q.1-
rHCLh-
o
rHCLH
CLK
rH
CL CL1-
S
X
dl
9Id
± TP
17 00rHQl
H
<
rH
CL
H
rHCL1-
CL
h* TP
20
A
TP
25
S
Zdi
kD
CLh-
CL
\ -
r*»
CL
H TP
28 2
i-
2
TP
29
E
dl TP
30 rHCL
»—
frdl 
|
<
CL1—
-Q kD CL
-Q
CL
f—
f*.CL
t—
8d
l TP
8 cnCL(-
Xu
z
cd
kO
Xo
z
Cd
h-
W
S
l
5 W
S1
0
W
S
ll
W
S
ll
g 5 $
<3- kO
g
kO
g
r*.
g g
cn
g
21
/0
3/
20
10
A n a lx /c ic H o t a i lc
General Assessment Options
S it e  A s s e s s m e n t  O p t io n s
I te m N o te s
D e p th  A s s e s s m e n t
Slices a re  c o n s ta n t  across  th e  a s s e s s m e n t a re a . U s e r  to  in p u t  th e  d e p th  
ra n g e  o f  in te re s t. Each s lice  can  b e  s e le c te d  fo r  in c lu s io n
G rid  size S p ac in g  o f  th e  g rid  to  b e  assessed
D a ta  S e le c tio n D a ta  to  b e  used  in  th e  a s s e s s m e n t can  b e  s e le c te d  by  th e  u s e r.
S ite  C rite r ia T h e  s ite  w id e  pH  a n d  S O M  used  in th e  s e le c tio n  o f  g u id a n c e  v a lu e s
D e p t h  S lic e s  In  A n a ly s is
S lice T o p  D e p th  (m ) B o t to m  D e p th  (m )
S lice  1 0 1.5 0
S lice  2 1.5 3.3 0
Slice 3 □
Slice  4 □
Slice  5 □
Assess?
G r id  S iz e
H o ts p o t s ize  to  f in d  to  95%  
c o n fid e n c e
5
G rid s ize  fo r  T e s tin g  D es ig n  (CLR4) 3.6
D ia m e te r  (m )
G r id  S p a c in g 10
m
m
Grid Margin
j A s s e s s m e n t  C r i t e r ia  t o  U s e
10
L a n d  U se
L a n d  U s e  F e a tu re s
B o re h o le  D e s c r ip t io n s
C h e m ic a l D e te r m in a n d s
0  Include Land Use Data 
0  Include Land Use Feature Data 
0  Include Strata Descriptions 
0  Include Chemical Data
j S ite  C r i t e r ia
S ite  pH 7
S ite  S O M 3 %
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AnalysisDetails
Chemical Analysis Options
Chemical Assessment Options
Item Notes
Determinands The determinands of interest are to be listed with the radius of influence for that contamiannt. The radius should reflect the area over which a point result is 
thought to be representative. Default values are available.
Assessment Criteria Select the assessment criteria to be considered during assessment. For CLEA UK 2008 guidance values assessment landuse must be selected.
Contamination Rating Factors Select the assessment criteria to be considered during assessment. For CLEA UK 2008 guidance values assessment landuse must be selected.
Site Specific Guidance Values Input site specific guidance values for the site
P
3
4
5
6
8
9
10
11
12
13
14
15
16
17
18
1920 21 
22
23
24
25
26
27
28
29
30
>  Guidance Values
listed in order o f priority in assessment
1 Site Specific Guidance Values O  Use SSGVs
2 CLEA UK (2008) SGVs □  Use CLEA 08 GVs
3 Dutch SRC (Integrated) O  Use Dutch GVs
|Site land Use [Residential without plants |
Contamination Rating Factors
Assigned based on the following factors: Test Result/Guidance Value = Factor
Contamination Rating Factor of SSGV Factors for other GVs
-2 0.6 0.1
-1 0.8 0.9
0 1 1
1 1.2 1.1
2
Determinands
Determinand Radius of Influence (m)
Ammoniacal Nitrogen 20
Benzene 10
Napthalene 10
Benzo[a]pyrene 5
p  Site Specific Guidance Values
Determinand Guidance Value (mg/kg)
Ammoniacal Nitrogen 100
Benzene 8
Napthalene 23
Benzo[a]pyrene 55
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1.5m to 3.3m Depth
810
7 9 0
7 7 0
7 5 0
7 3 0
7 1 0
6 9 0
6 7 0
6 5 0
S ite  S q u a re s
BH lo c a tio n s
■Site b o u n d a ry
3 9 0 4 1 0 4 3 0 4 5 0 4 7 0 4 9 0 5 1 0 5 3 0
Evidence suggesting no contamination
Possibly not contaminated
Evidence inconclusive
Possibly contaminated
Evidence suggesting certain contamination
No evidence available at this location
Contradictory evidence at this location
S lice2: N a p th a le n e  
1 .5 m  to  3 .3 m  D e p th
8 1 0
7 9 0
7 7 0
7 5 0
7 3 0
7 1 0
6 9 0
6 7 0
650
S ite  S q u a re s
BH lo c a tio n s
S ite  b o u n d a ry
390 410 430 450 470 510 530 550
Evidence suggesting no contamination
Possibly not contaminated
Evidence inconclusive
Possibly contaminated
Evidence suggesting certain contamination
No evidence available at this location
Contradictory evidence at this location
810
7 9 0
7 7 0
7 5 0
7 3 0
7 1 0
6 9 0
6 7 0
6 5 0
Slice2: Benzene
1.5m to 3.3m Depth
S ite  S q u a re s  
BH lo c a tio n s
■Site b o u n d a ry
3 9 0  4 1 0 4 3 0 4 5 0 4 7 0 4 9 0 5 1 0 5 3 0 5 5 0
Evidence suggesting no contamination
Possibly not contaminated
Evidence inconclusive
Possibly contaminated
Evidence suggesting certain contamination
No evidence available at this location
Contradictory evidence at this location
8 1 0
7 9 0
7 7 0
7 5 0
7 3 0
7 1 0
6 9 0
6 7 0
650
S lice2: A m m o n ia c a l N itro g e n  
1 .5 m  to  3 .3 m  D e p th
S ite  S q u a re s
BH lo c a tio n s
“S ite  b o u n d a ry
390 410 430 450 470 490 510 530 550
Evidence suggesting no contamination
Possibly not contaminated
Evidence inconclusive
Possibly contaminated
Evidence suggesting certain contamination
No evidence available at this location
Contradictory evidence at this location
<TJO
T3
T3<
O
T—1
o
-C +J
+-> o
CL rH
<u I
Q £
E o
rn 4—
ro (UGO
O c4-> 03
E Cd
LT> £
03
c
o
u
OS3
<V
CUD
c
+->ro
i_
O
A
V I
"a j to0)u
i—
o
VI—
0313c rCOOJ
E
<u
D m E l oO
> i i m o
txo
c
<
E
in ■aai
(U
5
o
rH
OSZ 4-»
4-» O
Q_ rH1
QJ •
o E
E o
ro >+-
ro a>
CUD
O c4-» ro
E DC
LO £
rH ro4->
c
o
u
O
A
0)
E
_ D
o>
>  05
XCO
o
LU C
I
bO
c
OrH
OSZ 4-»4-1 oQ_ rH0) iO E
£ oi_no 4—
on cuGOO C+-> 03
E a:LO ErH 03■Mcou
o
A
i  E> II o
Ctf)c
"O<
SI
O
o+->
+-* oCL 4—1(U 1Q £
£ ol_no
00 Ol
o QJ3C■M ro
£ ocuo £H ro+->cou
o
A
■2 E
3oS3<U
LT> '“I
£ °O _c +-1^  -t: °Q_ rH
£ ^  'zj Q E
£ £ 2
<u on m-
CU3 o'<u
CUD
c
'+->ro
o
A
t o
to
CL) 0>
U t_
i _
O
4 —
03
3
O ’
CO
CD
£ CO
<D
+-J
u
£
CO
o
> n H
XCO

Engineering Doctorate:
Regenerating the Brownfields: Decision Support for Contaminated Land Professionals
SUPPORTING DOCUMENTS RP4.1
Research Project Document
PROTOTYPE DOCUMENT
Development Checklist 
Planning and Design: A Best Practice Guide
NOTE TO READER: The following document has been 
developed as a prototype and has not been tested for 
commercial use; as such the checklists contained are not
considered exhaustive.
T O N Y  G E E  a n d  P A R T N E R S
DEVELOPMENT CHECKLIST 
PLANNING AND DESIGN 
A Best Practice Guide
REQUIREMENTS
DOCUMENTS
ADDITIONAL^
REQUIREMENTS
r  PLANNING 
REQUIREMENTS
KEY DESIGN  
FEATURES
SUSTAINABLE  
DESIGN APPRAISAL
CONTEXT AND SITE  
APPRAISAL
DESIGN CONCEPTS
DETAILED
DESIGN
CONSTRUCTION
ADDITIONAL
CONSULTATION
CONSTRUCTION
CONSENT
OUTLINE  
PLANNING APPRO VAL
INITIAL
CONSULTATION
DETAILED  
PLANNING APPRO VAL
April 2008
E X E C U T IV E  S U M M A R Y
The development of a site is an iterative process of design, assessment and 
consultation. To ensure that the most efficient and cost effective use of the land is 
achieved early consideration must be given to key design features. Working with the 
local authority and other interested stakeholders early in a projects inception is 
essential. Similarly the involvement o f an experienced design team will help to 
ensure the project runs smoothly and risks to the development are identified and 
addressed before they become an issue.
The purpose of this guide is to provide a logical and comprehensive framework 
through all of the design stages from inception through to construction. This guide 
provides a checklist to help identify site constraints and opportunities to ensure 
optimisation of the development. This document should be used in conjunction with 
the TGP Geotechnics and Environmental Development Checklist which focuses 
on the management of ground hazards with respect to foundation design.
Planning authorities will expect anyone proposing residential development to 
describe the design process followed in a design statement which should accompany 
every application. It is therefore advisable to agree the design process with the 
planning authority before developing plans for any site.
The guide is designed to run chronologically through the development process with 
planning, design and assessment stages highlighted throughout. In terms of the 
planning procedure guidance is given for the following stages;
• In itia l C onsu lta tion  - including local authority and other key stakeholders 
(Stage 1)
• P lanning A pp rova l - Outline and Full (Stage 6)
• A pp lica tion  fo r  C onstruc tion  C onsent (Stage 8)
With regard to assessment stages where information about the site is reviewed 
before progression with design or planning, the following are included;
•  Context and Site Appraisal -  existing information about the site is 
reviewed prior to and design (Stage 2)
• Sustainable Design Appraisal -  review of the progress towards 
sustainable development ideals (Stage 5)
The third aspect of the development process is design, where the site constraints 
and opportunities and requirements form consultees are brought together. The 
stages included in this guide are as follows;
■ Summary of Design Features where the initial consultation and context 
and site appraisal are brought together to set the key issues (Stage 3)
■ Design Concepts A detailed appraisal of the constraints and opportunities 
on the site to produce an outline design for the site. (Stage 4)
■ Detailed Design After planning approval has been granted the detail design 
of the site can commence. (Stage 7)
A pril 2008
A S S E S S M E N T  S U M M A R Y
STAGE 1: INITIAL 
CONSULTATION 
DESIGNER APPOINTED?
DESIGNER
STAGE 2: CONTEXT & SITE 
APPRAISAL
DESK STUDY □
STAGE 3: KEY DESIGN 
FEATURES
STAGE 4: DESIGN CONCEPT 
STAGE 5: SUSTAINABLE DESIGN 
ASSESSMENT
STAGE 6:
OUTLINE PLANNING APPROVAL
DATE COMPLETED: 
YES I NO
DATE COMPLETED:
SITE WALKOVER SURVEY □  
DATE COMPLETED:
DATE COMPLETED:
DATE COMPLETED:
DATE COMPLETED:
DETAILED PLANNING APPROVAL DATE COMPLETED:
DATE COMPLETED: 
DATE COMPLETED:
STAGE 8: DETAILED DESIGN 
STAGE 9: CONSTRUCTION 
CONSENT
STAGE 10: CONSTRUCTION 
CONSTRUCTION DESIGN?
DATE COMPLETED: 
YES / NO
PLANNING CONDITIONS: Have all planning conditions been met? YES I NO
CONSULTATION: Have ALL relevant statutory bodies been consulted (local 
planning authority, EA etc)? YES / NO _________________________________
Tick as appropriate { /  / ? / X / NA)
SIGNED________________________________  DATE
April 2008
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Figure 1: Typical Surface Features 
Figure 2: Typical Sub-Surface Features
Appendix A: Design Concepts Checklist 
Appendix B: Planning Permission Checklists
I N T R O D U C T IO N
To ensure cost effective design and minimise the risk of long term problems on a 
site, it is essential to employ a logical development process. Early consultation and 
involvement with the design team are two factors that can help to get the most form a 
site.
The purpose o f this guide is to help;
■ Identify site constraints and opportuniti es at an early stage
■ Prompt effective management o f site features
The process requires a commitment from the client to consider each site on its own 
merits and work with the designers and local authority to produce a high quality cost 
effective development.
A full assessment of a site at an early stage will identify the key features that will 
affect the design. Included within these features are the specific geotechnical 
hazards that are addressed in the TGP Geotechnics and Environmental 
Development Checklist. Some key features included in this guide;
• Flood risk and flood resilience
• Contaminated land
• Unstable or aggress ive ground conditi ons
• Topography and its use in drainage design
• Local ecology
The guidance contained in this document is based on standards and codes 
applicable to residential developments (including NHBC standards 2007), 
government policy guidance notes and statements and industry best practice. A 
complete list of references has also been included.
There are a number of activities that should be undertaken throughout the 
development process. These include;
• Desk study and site walk over
• Ground investigations1
• Topographical survey
• Consultation -  with local authority and other key stakeholders
1 TGP Geotechnics and Environmental Development Checklist
PURPOSE OF THIS GUIDE
CONSTRAINTS AND OPPORTUNITIES
HOW DO I FIND OUT WHAT IS IMPORTANT FOR THE SITE?
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I N T R O D U C T IO N
THIS GUIDE
The following pages contain a series of checklists to help assess the site and ensure 
that the appropriate assessments and documentation are in place with ease the route 
through the planning process.
The stages have been categorised as follows;
• Stages that relate directly to the planning system are highlighted in GREEN 
throughout this document.
• Stages that relate directly to the assessment or review of the development 
plans are highlighted in BLUE,
• Design stages are highlighted in RED.
There are 8 stages from the initial consultation at inception of the development 
through to the application for construction consent.
■ STAGE 1: Initial Consultation
■ STAGE 2: Context and Site Appraisal2
■ STAGE 3: Summary of Design Features
■ STAGE 4: Design Concepts2
■ STAGE 5: Sustainable Design/ Appraisal
■ STAGE 6: Planning Approval
■ STAGE 7: Detailed Design2
■ STAGE 8: Application for Construction Consent
2 TGP Geotechnics and Environmental Development Checklist applies at these stages
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DOCUMENT OVERVIEW
The following stages are required for ALL sites. The checklists in the following 
pages run through the assessment process.
ACTIVITIES
Identification of parties 
involved in the 
development process
Consultees
Land Use Requirements
Inception phase Design Team
Policy Review
Design constraints 
Statutory and other 
requirements 
Services
ACTIVITIES
Desk Study
Site Walkover 
Site Survey
Site Constraints & 
Opportunities
!-------^  Key site features:
Geotechnical Hazards / 
Drainage / Flood risk / 
Services / Environmental
STAGE 3: KEY DESIGN FEATURES
Summary of the opportunities and constraints identified in the initial 
assessment and context and site appraisal
ACTIVITIES
Flood Risk Assessment and 
Drainage Strategy
Key Design Features 
(Preliminary design)
Preliminary Street Design 
and Layout
Geotechnical Considerations
Design Statements and 
Assessments
- P a g e  4 - APRIL 2008
DOCUMENT OVERVIEW
ACTIVITIES
Design Concept 
Development Proposals
Sustainability principles Sustainable construction
STAGE 6: PLANNING APPROVAL
Outline Planning Approval
After carrying out the site appraisal and preliminary design the developer 
may wish to ascertain whether his/ her proposals are likely to be acceptable, 
in principle. An application for Outline Planning Consent may be made to the 
Local Planning Authority.
Full Planning Approval
The developer should ensure that the development proposals detailed in the 
finalised planning application meet the LPA requirements for Construction 
Consent and all planning conditions are met and approved.
ACTIVITIES
Final layout plans
Design Concept Specification Appendices
Planning Conditions Material Specifications 
Risk Assessments
STAGE 8: CONSTRUCTION CONSENT APPROVAL
Construction consent can only be granted where proposals covering 
environmental/ contamination issues have been approved and proposals 
for the layout and construction of roads, structures, road drainage and 
lighting meet the standards of the local authority.
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S T A G E  1 : I N I T IA L  C O N S U L T A T I O N
The plans for a new development should be progressed in consultation with 
key stakeholders. This is essential to incorporate planning and design 
constraints early in the development process. Initial consultation involves 3 
stages;
1. Identifying parties involved in the development for consultation
2. Selection of the design team (referred to as Inception Phase)
3. Review of relevant policy that will impose constraints on design
1.1 Identification of parties involved in the design process
It is essential to identify and contact all parties involved in the design process 
at the earliest opportunity. This will have positive benefits, as it will:-
• Promote a co-ordinated ‘team’ approach to the layout of the site
• Identify potential difficulties at the initial stage of the design
• Reduce expensive and abortive work.
The primary consultee for a project is the local Planning Authority who will;
• Explain the issues that will need to be addressed
• Confirm the vision for the site meets local development plans
• Help to clarify which skills will be needed on the design team
• Identify other stakeholders to consult
• Confirming contacts and a programme for submitting the planning 
application and any approval strategies
It is also important to engage with several departments within the local 
planning and highway authorities in order to identify all the relevant issues. 
Key stakeholders that may apply during the development are listed below;
CONSULTATION CHECKLIST Contacted?K / X )
Responded? 
K /  X , date)
Follow up 
required? 
(SI X)
Planning Authority
Environment Agency
English Nature
English Heritage
Countryside Commission
Water Authority
Internal Drainage Boards
Surface Water Undertaker
Foul Water Undertaker
Highways/ Roads Authority
Highway Drainage Undertaker
Building Standards Authority
Electricity Supply Authority
Gas Supply Authority
Other Statutory Undertakers
Private landowners or land managers
Local Community Groups
Non-governmental Organisation
- P a g e  6 - APRIL 2008
S T A G E  1 : I N I T IA L  C O N S U L T A T I O N
1.2 Inception Phase3
The easiest way to deliver well-designed, sustainable development is to 
employ a good design team. Well chosen designers produce good cost 
effective design and quicker planning permission. Consideration should be 
given to;
• Persimmon Competences (pre-contract start forms etc)
• Consultants with a proven track record and skills in the delivery of well
designed sustainable development; and,
• Selection on the basis of quality as well as price -  in the long run a
good designer will be cost effective and should be able to secure a
planning permission efficiently.
The Construction, Design and Management (CDM) Regulations 2007 must be 
applied to the planning, design, construction and long-term maintenance of 
development projects. The regulations place duties on people involved in 
construction including clients, designers, specifiers and contractors.
1.3 Policy Review
Developers and designers must understand the planning policy context within 
which they are working. In particular the following should be considered:
POLICY REVIEW CHECKLIST Reviewed?( S I X)
National Policy and Guidance
Development Plan Policies in the Local Authority 
Development Plan
Other Supplementary Planning Guidance
Standards and regulations applying within the LPA area
Advice from statutory consultees
Legal / planning constraints (e.g. Public Rights of Way, Listed 
Buildings, Tree Preservation Orders, easements etc)
Local initiatives and advisory panels (e.g. Conservation Area 
advisory groups)
Relevant planning history including previous planning and 
appeal decisions and results of public consultations.
Non-statutory design guidance.
NHBC Standards
TGP Geotechnics and Environmental Development Checklist
3 A Model Design Guide for Wales Residential Development
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S T A G E  2 : C O N T E X T  &  S IT E  A P P R A I S A L
The identification of the design constraints and opportunities can only be 
decided through a systematic study of the context of each site, identifying the 
character of its surroundings and the important features of the site. The two 
main activities in a ‘Context and Site Appraisal’ include:
• Desk Study
• Site Walk-over
Site and context appraisal should always be carried out by qualified 
professionals4.
2.1 Context and Site Appraisal Checklists
A desk study is the collation and review of information already available about 
a site, and is carried out at an early stage of site appraisal to inform and guide 
the design process. The attributes of context and site that are used to enable 
development are:
• Site constraints and opportunities (e.g. topography, flood risk etc)
• Site condition with respect to contamination
• History and patterns of growth
• Natural Heritage
• Patterns of movement and the location of social facilities and services
• Ecology
Not all of these will be relevant to all projects. The local authority can advise 
on the main site and context issues on which to concentrate.
A desk study report should be prepared incorporating the results of the 
walkover survey and including reference to, or copies of, all the records and 
information obtained.
Possible Sources of Information;
• Local Authority
• Reference Library
• Historical Groups
• Environment Agency
• Enviro-check
• NBR Swindon
More detail on the desk study elements use to identify hazards relevant for 
contaminated land and foundation design can be found in the TGP 
Geotechnics and Environmental Development Checklist, Stage 1 of which 
should be completed as part of the ‘Context and Site Appraisal’ process.
4 See NHBC definition of “suitable person” contained in Appendix 4.1-D of NHBC Standards 2007 
Example professionals can be found in A Model Design Guide for Wales Residential Development
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STAGE 2: CONTEXT & SITE APPRAISAL
2.1.1 Foundation Hazard Assessment5
FACTORS TO CONSIDER
Check List5 
Complete
K / x )
Comment
Previous land use (on and 
around the site)
Previous significant events 
(flooding, contamination 
remediation, ground instabilities)
Current Land Use (on and 
around the site)
Ground Conditions (topology 
and soil type)
Vegetation
Surface water and ground water
ADDITIONAL COMMENTS
The results form the desk study and site walkover can be used to identify site 
constraints and opportunities. The TGP Geotechnics and Environmental 
Development Checklist focuses on site hazards (constraints) that will affect 
foundation design.
The information obtained from the initial geotechnical assessment is used to 
create an initial “Conceptual Ground Model” (CGM). The information obtained 
from an initial contamination assessment is used to create a “Conceptual Site 
Model” (CSM).
5 TGP Geotechnics and Environmental Development Checklist
9 - APRIL 2008
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STAGE 2: CONTEXT & SITE APPRAISAL
2.1.2 History and Pattern of Growth6
FACTORS TO CONSIDER
Detailed
information
available?
(v 7 ? /X )
Comment
Origins and historical 
development of the settlement
Settlement form and surviving 
elements of historic street 
pattern or plot subdivisions
Areas of distinctive townscape 
character
Typical treatment of building 
setbacks, frontages and 
boundaries
Important buildings, landmarks, 
gateways and important views 
and vistas
2.1.3 Natural Heritage6
FACTORS TO CONSIDER
Detailed
information
available?
K /7 /X  )
Comment
Visibility of the site
The character of the landscape 
surrounding the site and 
important features that 
contribute to it
The role of the site, if any, in 
contributing to the character of 
the surrounding landscape
Important landmarks, views and 
skylines to be respected
Green spaces, corridors, trees, 
hedges, other cultivated 
elements and natural features
6 List of key factors based on A Model Design Guide for Wales Residential Development
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STAGE 2: CONTEXT & SITE APPRAISAL
2.1.4 Patterns of Movement6,7
FACTORS TO CONSIDER
Detailed
information
available?
K / ? / x )
Comment
Existing patterns of movement 
and opportunities for linkages
Pattern and distribution of uses 
including parks, schools, shops 
and other facilities including 
public transport
Barriers to movement (roads, 
watercourses etc)
Rights of way and other paths 
and evidence of recreational or 
other use of site
Identification of features which 
generate or attract pedestrian 
traffic such as shopping areas, 
schools, bus routes, clinics and 
car parks -  dictate the main 
spinal pedestrian routes and be 
segregated as far as possible 
from major traffic routes, 
involving a minimum number of 
carriageway crossings
Potential main access points 
and other potential access links 
from adjacent areas into the site
Potential linkages to subsequent 
stages of development
7 Useful advice and further reference can be obtained from; BS 10175 and Environment Agency’s 
Requirements (EA 2005)
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STAGE 2: CONTEXT & SITE APPRAISAL
2.1.5 Drainage
DESCRIPTION OF GROUND 
CONDITIONS
Present 
on site?
K / ? / x )
Detailed
information
available?
K / 7 / X )
TOPOGRAPHY
(GENERAL)
Flat
Sloping
Steep
Variable
TOPOGRAPHY
(DRAINAGE
FEATURES)
Watershed boundaries
Existing drainage patterns
Agricultural land drains8
Ground cover
Risk of flooding to the site9
DESCRIPTION OF 
EXISTING DRAINAGE 
FACILITIES
Present 
on site?
K / ? / x )
Detailed
information
available?
K / ? / x )
EXISTING
DRAINAGE
(GENERAL)
Size
Shape
Material
Invert information
Age
Condition
Design and performance data
COMMENT
8 Further advice and guidance can be found in Environment Agency’s Requirements (EA 2005)
9 Further advice and guidance can be found in PPG25 Development and Flood Risk (DTLR, 2001), PPS 
25 (DCLG, 2006b)
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STAGE 2: CONTEXT & SITE APPRAISAL
2.1.6 Potential for Flood Risk
Should the site fall within a known flood risk area, or be greater than 1 hectare 
in size, a Flood Risk Assessment will be required for planning approval.10
DESCRIPTION OF 
EXISTING DRAINAGE 
FACILITIES
Potential 
Risk to 
site?
K /7 /X )
Detailed
information
available?
K / ? / x )
SOURCES OF 
FLOODING
Rivers and Watercourses
Groundwater
Sea (tidal / coastal)
Drainage systems
Overland Flow
Infrasturcture failure 
(reservoirs / canals etc)
COMMENT
2.1.7 Existing Statutory Undertakers Services
DESCRIPTION OF EXISTING STATUTORY 
UNDERTAKERS SERVICES
Present 
on site?
(*7  ? / x )
Detailed
information
available?
K / ? / x )
Names of authorities concerned
Authority Regulations
Location of mains
Sizes of mains
Depth of mains
COMMENT
10 PPS 25 Development and Flood Risk
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STAGE 2: CONTEXT & SITE APPRAISAL
2.1.8 Existing Features to be Retained on Site
DESCRIPTION OF EXISTING FEATURES 
TO BE RETAINED
Present on 
site?
( S I ?  I X )
Detailed
information
available?
( S / ? / X  )
Ecological (trees / habitats)
Archaeological
Buildings / Structures
Drainage
Highway freatures (safety barriers / lighting 
/ traffic signs or signals etc)
Other
2.1.9 Environmental Survey
In order to satisfy the requirements of PPS9, it is vital that appropriate survey 
work is undertaken and that it is carried out at the correct time of year (March 
to October), to ensure that suitable mitigation measures can be proposed to 
meet planning conditions.______________________ ___________ _____________
ENVVIRONMENTAL ASPECT 11
Present 
on site?
( S I ?  I X )
Detailed
information
available?
( S / ? / X  )
Existing trees
Existing hedgerows
Ecological hazards (e.g. Japanese Knotweed)
Protected species12
Species of biodiversity interest13
Geological Conservation Interests13
COMMENT
11 Useful advice and further reference can be obtained from PPS 9: Nature Conservation
12 The Conservation (Natural Habitats, etc) Regulations 1994
13 PPS9 requires that harm is prevented to biodiversity and geological conservation interests
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STAGE 2: CONTEXT & SITE APPRAISAL
2.2 Site Topographical Survey
The provision of an accurate and comprehensive site survey is a vital part in 
establishing the way in which sites may be developed. By understanding the 
topography the following can be designed efficiently; formation levels and site 
layout, Drainage layout, Flood risk
The lines, levels, hydraulic adequacy and structural condition of all relevant 
existing drains, ditches, land drains and watercourses shall be ascertained. 
This survey can be carried out in conjunction with Site Investigations required 
for the design of foundations14
2.3 Traffic Survey
Traffic surveys should be carried out to determine the volume, speed and 
categories of vehicles on the existing road network. Traffic survey data is 
used to assess changes in traffic growth or pattern. Pedestrian and cyclist 
surveys help to monitor growth or changes in modes of transport. Surveys 
may be conducted by automatic counters or manual recording. Surveys 
should be carried out during periods which reflect typical flow conditions in the 
area, e.g. during school terms.
Before carrying out a traffic survey the local authority should be contacted for 
existing data from a previous survey of the area of interest.
14 TGP Geotechnics and Environmental Development Checklist
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The initial consultation and context and site appraisal stages above should be used 
to complete the following summary of site constraints and opportunities. Relevance 
of these features is shown in Figures 1 and 2.
DESIGN FEATURE
Information
Available?
K /  ? / x )
Key Design  
A sp ec t
Relevant policies and 
standards (incl. CDM 
Regulations)
ALL
Requirements of consultees ALL
Geotechnical Hazards
Contamination Layout/  Foundation
Topography on and off site
Layout/ 
Drainage /  
Earthworks
Preliminary geological ground 
model
Foundation /  
Earthworks
Vegetation Foundation
Surface and groundwater Flood/Foundation
Site Context
History & Pattern of Growth Layout/Foundation
Natural Heritage Layout
Patterns of Movement Access /  Layout
Areas of archaeological 
interest (see 2.1.8) Layout
Drainage and Flood Risk
Drainage (topography and 
existing)
Layout/
Drainage
Potential for flood risk Flood
Existing site features
Existing statutory undertakers Layout
Existing site features to be 
retained Layout
Existing highway and services 
network (see 2.1.8 and 2.3) Layout
Ecology & Landscape
Areas of species / biodiversity 
to be protected
Earthworks /  
Layout
Existing landscape features Layout
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The design concept stems from the constraints and opportunities of the site. 
The concept will provide a useful basis for preliminary discussions with 
planning authorities. The four key areas for consideration are;
1. Flood Risk Assessment and Drainage Strategy
2. Preliminary Street Design and Layout
3. Geotechnical and Structural Considerations
4. Design Statements and Assessments
Detailed checklists for the above are given in Appendix A. A summary 
checklist is supplied below.
In addition to the technical aspects of design the key legislation that must be 
considered for developments is the Construction (Design and Management) 
Regulations detailed below.
4.1 Construction (Design & Management) Regulations15 (CDM)
Anyone having construction or building work carried out has legal duties 
under the Construction (Design & Management) Regulations 2007 (CDM 
2007). These Regulations will help to ensure that the construction project is 
safe to build, safe to use, safe to maintain and delivers good value. Good 
health and safety planning will also help to ensure that the project is well 
managed and that unexpected costs and problems are minimised.
In preparing or modifying a design which may be used in construction work in 
Great Britain, every designer shall avoid foreseeable risks to the health and 
safety of any person carrying out construction work or any person liable to be 
affected by such construction work.
The designer cannot start work until:
ACTION A ction  com ple te?
K )
The client is aware of his duties under the CDM 
Regulations
A CDM Coordinator has been appointed
Pre-consultation form Persimmon
15 Useful advice and further reference can be obtained from Construction (Design & Management) 
Regulations 2007
S T A G E  4 :  D E S IG N  C O N C E P T
4.2 Design Concept Summary
DESIGN FEATURE
Checklist
complete16?
K /X )
Relevance 
for site? 
(1 -5 17)
Flood Risk Assessment and Drainage Strategy
Flood Risk Assessment
Flood Resilient Construction
Storm water drainage system
Requirements of SUDS
Foul Drainage Requirements
Preliminary Street Design and Layout
Outline master plan for all stages
Develop street character type
Design street network
Non-vehicular links
Earthworks (cut / fill balance)
Parking concept
Lighting concept
Utilities proposals
Landscaping proposals
Geotechnical and Structural Considerations
Brownfield Sites
Ground Improvement
Foundations
Groundwork (cut / fill balance)
Design Statements and Assessments
Design and Access Statements
Supporting Planning statement
Transport Statement
Environmental Impact Assessment
Tree Survey
Archaeological Assessment
Regeneration Assessment
Energy Statement
Noise Impact Assessment
Sound Insulation Assessment
Air Quality Assessment
Sustainability Assessment
16 Detailed checklists can be found in Appendix A
17 Scale of relevance: 1 = insignificant to 5 = significant relevance for site
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STAGE 5: SUSTAINABILITY APPRAISAL
Sustainability should be taken into 
account in all development proposals and 
a sustainability appraisal should 
accompany applications for major 
developments.
The aim for and development, including 
housing should be to achieve sustainable 
development through the integration of 
social, environmental and economic 
factors. This can be applied at all stages 
of the development.
GENERAL ASSESSMENTS
Considered 
for site
(✓ / ? / X )
SOCIAL
Social Impacts of the development 
assessed (positive and negative)?
Consultation with local community?
ECONOMIC
Economic Impacts of the 
development assessed (positive and 
negative)?
ENVIRONMENTAL
Environmental Impacts of the 
development assessed (positive and 
negative)? Construction and 
completion
PHASE SPECIFIC KEY FEATURES
Considered 
for site
K /  ? / x )
DESIGN
Material and product selection
Treatment of materials for re-use
Design assessments e.g. BREEAM / 
CEEQUAL
Sustainable urban drainage systems
CONSTRUCTION
Site Waste Management Plan to 
include; waste minimisation and re­
use of materials on site
Reducing the impact of construction 
on the local community and 
encourage supply chain initiatives 
e.g. employee rewards, respect for 
people initiatives.
USE
Reduction of car-based travel
Reduction of energy use and 
inclusion of renewable energy
Sustainable waste management
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STAGE 6: PLANNING APPROVAL
Outline Planning Permission1819
Outline applications allow for a decision on the general principles of how a site 
can be developed. They are typically used where applicants are looking for 
formal agreement about the amount and nature of development that can take 
place on a site prior to preparing detailed proposals. Outline applications will 
have to demonstrate more clearly that the proposals have been properly 
considered in the light of relevant policies and the site’s constraints and 
opportunities. Outline permission is granted subject to a condition requiring 
the subsequent approval of one or more reserved matters. Key Features to 
resolve before outline permission is granted (Details in Appendix B):
• Roads;
o Connections to the surrounding area 
o Connections through the site 
o Street layout and dimensions 
o Parking provision, design and control 
o Servicing and access for emergency vehicles 
o Speed control
• Drainage and Flood;
o SUDS and sewer routes
o Routing of flood waters from extreme weather events 
o Routes for utilities
• Structures;
o Building lines and heights 
o Landscape design and structural planting 
o Materials, management and maintenance regime
• Brownfield considerations
• Foundations and ground improvement
• Environmental mitigation, including biodiversity interest
• Phasing to take account of drainage, geotechnical requirements and 
construction access through developed areas.
• Phasing to take account of drainage, geotechnical ground 
improvements and access through developed areas
Detailed Planning Permission (DPP)18
Ideally following outline consent, only matters of detail, such as detailed layout 
and material choices will be left for consideration at the detailed application 
stage. Detailed planning permission must be submitted within three years of 
outline planning permission. Detailed designs should be submitted in order to 
gain approval to build. There is need to ensure that proposals submitted to the 
Planning service meet the Planning Requirements for Construction Consent.
Full Planning Permission (FPP)18
Full planning permission is a combination of outline planning consent and 
detailed planning consent - with all detailed information submitted in a single 
application. Full Planning Permission is common where the proposed 
development is contentious. Some conditions may be attached to the planning 
approval. Details of each element required can be found in Appendix B.
18 Full legal definitions can be found in the Town and County Planning (General Development 
Procedure) Order 1995 (GDPM)
19 This stage is optional but highly recommended to deal with planning issues at an early stage
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Detailed design should be sufficient for construction, installation and 
commissioning of the development. The design should be supported by 
complete calculations and drawings. Designs should be in accordance with 
the local authority design standards and established codes of practice and 
standards.
All designs should be carried out by a suitable person in accordance with 
current best practice and appropriate standards.
The key aspects of detailed design are summarised in the following table.
DESIGN ASPECT Included Features Further Guidance
Structural design BuildingsServices NHBC Standards (2007)
Geotechnical design
Contamination strategy 
Ground Improvement 
Foundations 
Retaining structures
TGP Geotechnics and 
Environmental 
Development Checklist
Development Layout
Street design and layout
Pavement
Drainage
DT Manual for Streets 
Local Authority Design 
Guides
Flood Defence / 
Resiliance
Flood Risk Assessment 
Flood Resistance 
Flood Resilence
Improving the Flood 
Performance of New 
Buildings: Flood Resilient 
Construction
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S T A G E  8 :  C O N S T R U C T IO N  C O N S E N T
Construction consent can only be granted where proposals for the layout and 
construction of roads, structures, road drainage and lighting meet the 
standards of the local authority irrespective of whether such roads are to be 
submitted for adoption as public. The timing of the submission for construction 
consent should be confirmed with the appropriate local to avoid delays in start 
of works. The following typical considerations should be taken into account, 
but it should be noted that each local authority will have their own specific 
requirements that must be met:
• A location plan, preferably in the Ordinance Survey base, to a scale of 
1:1250 or 1:2500 showing existing road networks and their relationship 
to the proposed development
• A layout plan to scale 1:500 (1:200 where pedestrian/vehicle shared 
surfaces are proposed) including;
o Carriageways 
o Footways 
o Verges 
o Footpaths 
o Retaining Walls 
o Cycle tracks 
o Bridges 
o Earthworks
o Details of proposed road and access layout
• A longitudinal section along the carriageway, footpaths and cycle 
tracks giving vertical alignment details.
• Typical cross sections
• A road safety audit for the design.
• The Factual Ground Investigation Report and corresponding 
Interpretive Report making specific recommendations on the design of 
the proposed road
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B rit ish  S t a n d a r d s :
BS10175: 2001 Investigation of Potentially Contaminated Sites -  Code of 
Practice
BS 5489-1:2003 Code of practice for the design of road lighting. Lighting of 
roads and public amenities (AMD Corrigendum 15032) (AMD 16063)
BS5837: 2005 Trees in Relation to Construction -  Recommendations (ADM 
Corrigendum 15988)
BS EN 13476-1:2007 General requirements and performance characteristics
Department for Communities & Local Government (DCLG):
Planning Policy Guidance Notes (PPG);
PPG 9: Nature Conservation 
PPG 13: Transport
PPG 16: Archaeology and Planning (DoE, 1990)
PPG 23: Planning & Pollution Control 
PPG 24: Planning & Noise
PPG 25: Development and Flood Risk (DTLR, 2001)
Planning Policy Statement (PPS);
PPS 1: Delivering Sustainable Development (ODPM, 2005)
PPS 9: Biodiversity and Geological Conservation (ODPM, 2005)
PPS 22: Renewable Energy
PPS 23: Planning & Pollution Control (ODPM, 2004b)
PPS 25: Development and Flood Risk (DCLG, 2006b)
Improving the Flood Performance of New Buildings -  Flood Resilient 
Construction
Creating Local Development Frameworks: A Companion Guide to PPS12
Building Regulations 2000: Drainage & Waste Disposal: Approved Document H
Environmental Impact Assessment: Guide to Procedures 
Environment Agency’s Requirements (EA 2005)
CIRIA Reports
Report C624: Development and Flood Risk -  Guidance for the Construction 
Industry
R&D Technical Report 1 FD2320/TR1: Flood risk assessment guidance for 
new development -  Overview
Design Manual for Roads & Bridges (DMRB):
TD 9/93 -  Highway Link Design
TD 16/07 -  Geometric Design of Roundabouts
TD 19/06 -  Requirements for Road Restraint Systems
TD 27/05 -  Cross-Sections and Headrooms
TD 42/95 -  Geometric Design of Major/ Minor Priority Junctions
HD 24/06 -  Traffic Assessment
HD 25/94 -  Foundations
HD 26/06 -  Pavement Design
HD 39/01 -  Footway Design
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Legislation
Construction (Design & Management) Regulations 2007 (CDM 2007)
Pollution Prevention and Control (England & Wales) Regulations 2000 
(HSM0 2000)
The Conservation (Natural Habitats, etc) Regulations 1994 
Highways Agency Specification for Highway Works (MCHW 1)
NHBC (2007) NHBC Standards
Welsh Assembly Government (March 2005) “A Model Design Guide for Wales 
Residential Development, LDA Design”
HR Wallingford
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APPENDIX A 
DESIGN CONCEPTS
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A P P E N D IX  A :  D e s ig n  C o n c e p ts  C h e c k l is t s
A.1 Flood Risk Assessment and Drainage Strategy
The drainage assessment should establish in principle, that the site is capable 
of being drained for the scale and type of development proposed. It should be 
noted that Water Authorities are reluctant to adopt Sustainable Urbanised 
Drainage Systems (SUDS) at present and therefore the maintenance costs of 
such systems will be at the developer’s cost.
The following checklists cover;
1. Typical information required
2. Requirements of Flood Risk Assessment
3. Flood Resilient Construction
4. Foul Drainage Requirements
A.1.1 Information Checklist
DESIGN CONSIDERATION
Applicable on 
all/part of site
(✓ / ? /  X )
At Design Concept stage, the following elements must be identified:
o Location of outfalls
o Storm water discharge controls, e.g. SUDS
o Water quality control systems
o Flood water management plan
o Locations of culverts
o Location of existing drainage structures
o Topographical Survey
o Method of surface water collection
o Method of sub-surface collection
o W ater transport network
o Gravity or pump system
A report detailing the findings of an examination of current 
and historic drainage patterns, including culverts traversing 
the site
- Page A1 - A PR IL  2008
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DESIGN CONSIDERATION
Applicable on 
all/part of site
(✓ / ? / X )
Confirmation from the water authority of the capacity of the 
sewer network to accommodate waste water drainage, 
statutory and non-statutory surface water drainage from 
the development or statement of sewerage system 
constraints
Pre and post-development runoff calculations to provide an 
indication of surface water drainage requirements and 
flood mitigatory surface water storage
An indication of the type of SUDS measures to be used 
and which measures will be considered in the detailed 
design
Evidence of sub-soil porosity and site suitability for SUDS, 
infiltration devices and groundwater re-charge
Can the drainage system and road layout be optimised to 
avoid ‘forced fixing’
Groundwater recharge and underlying aquifer
A.1.2 Requirements for Flood Risk Assessment
If the answer to all the questions is “YES” then the development is likely to be 
sustainable in flood risk terms, otherwise a Flood Risk Assessment should be 
carried out according to Ciria C624 Part C and D technical Report 
FD2320/TR1.
CRITERION YES / NO
If the proposed development lies within an area that is at 
risk of flooding under existing conditions, is there good 
justification for the location of the proposed development?
Is the standard of protection of the proposed development 
in agreement with national planning policy guidance and/or 
the requirements of the LPA/FDA?
Does the design of the proposed development take into 
account the potential impact of future climate change over 
its lifetime?
Does the design of the proposed development take into 
account any likely future changes to the nature of the site 
that may occur over its lifetime?
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CRITERION YES / NO
Is the residual flood risk to the proposed development from 
events that are more extreme than the design flood event 
acceptable?
Will any anticipated disruption to the normal operation of 
the proposed development due to flooding be acceptable?
Has the proposed development been designed so that any 
risks to health, safety and welfare are appropriately 
managed?
Will adequate, safe, access to and from the proposed 
development be available during floods?
Are the predicted impacts of the proposed development on 
upstream flood risk acceptable?
Are the predicted impacts of the proposed development on 
downstream flood risk acceptable?
Will runoff from the proposed development be managed in 
an appropriate manner?
Are the potential environmental impacts of the proposed 
development acceptable?
Are the operation and maintenance requirements 
associated with the proposed development acceptable, and 
is it clear who will be responsible for any required operation 
and maintenance over the lifetime of the proposed 
development?
Has it been ensured that the proposed development will 
not obstruct any FDA maintenance access?
Is the design of the proposed development such that it will 
not compromise any strategic flood risk management plans 
that the FDA may have for an area?
Will arrangements be made to ensure that future 
owners/operators/occupiers of the site will be aware of any 
residual flood risks, mitigation measures, and operation 
and maintenance requirements?
Is the design of the development such that future users will 
not have difficulty in obtaining insurance or mortgages, or 
in selling all or part of the development in the future, due to 
flood risk issues?
Are any relevant consents or licences required from the 
FDA likely to be given?
f o r
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A.1.3 Flood Resilient Construction
Where application of the sequential approach in PPS 25 (or equivalent 
legislation in other parts of the UK) has shown that development is necessary 
in flood risk areas, new development on land that is at risk of flooding can 
sometimes be protected by flood defences. However this may not be possible 
for technical or environmental reasons. Thus consideration should be given to 
improving the flood resistance/ resilience of buildings in low or residual flood 
risk areas by use of suitable materials and construction details.
Built in resilience is defined as sustainable measures that can be incorporated 
into the building fabric, fixtures and fittings to reduce the impact of floodwater 
on the property. This allows easier drying and cleaning, ensures that the 
structural integrity of the building is not compromised and reduces the amount 
of time until the building can be re-occupied. This approach is appropriate for 
areas where the probability of flooding is low (e.g. flood zone 1 as defined by 
PPS 25) or areas where flood risk management or mitigation measures have 
been put in place.
The following checklist should be considered:
DESIGN CONSIDERATION
Applicable on 
all/part o f site
K /  ? / x )
o Is development in flood risk area?
o Can development be protected by flood defences?
o Is the probability of flooding low as defined by PPS 
25?
o Has built-in flood resilience been incorporated into 
the building design?
Further guidance on flood avoidance, resistance measures and flood resilient 
design and construction is given in the following documents:
■ Improving the Flood Performance of New Buildings: Flood Resilient 
Construction
■ Planning Policy Statement 25 (PPS 25)
A.1.4 Foul Drainage Requirement
Foul drainage should be designed according to the building Regulations 2000 
Appendix H and BS EN 752-3:1996: ‘Drain and sewer systems outside 
buildings’. The layout of foul drainage system should be kept simple and the 
following key points should be observed for the design.
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Selection o f system:
DESIGN CONSIDERATION
Applicable on 
a ll/part o f site
K /  ? / x )
o Type of system which presently exists
o Capacity and quality of receiving waters
o Possible outlet for foul drainage
o Nature of discharges to the system
o Need for prior system
o Topography
o Treatment works
o Other local conditions
Prelim inary investigations:
DESIGN CONSIDERATION
Applicable on 
all/part o f site
K /  ? / x )
o Topographical survey
o Existing drainage services
o Infiltration
o Groundwater
o Nature of effluents
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A.2 Preliminary Street Design & Layout
There are a number of key aspects to consider in the preliminary street design 
& layout. The following checklists cover;
1. Alignment
2. Pavement design
3. Earthworks
4. Parking
5. Lighting
6. Safety Barriers
7. Utilities
8. Landscaping
A.2.1 A lig n m en t
A preliminary street design layout should be produced. The alignment design 
parameters to be considered for each type of road are given below:
PRELIMINARY STREET DESIGN & LAYOUT CHECKLIST
DESIGN
ELEMENT DESIGN CONSIDERATION
Applicable on 
all/part of site
K /  ? / x )
ALIGNMENT
(GENERAL)
A preliminary street design layout showing the following 
parameters:
o Speed Limit
o Design Speed
o Carriageway width
o Maximum gradient
o Minimum gradient
o Minimum forward sight distance
o Tie-into existing road network
o Private strip width
o Vehicular access to properties/ 
businesses
o Traffic calming
o Road safety
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DESIGN
ELEMENT DESIGN CONSIDERATION
Applicable on 
all/part of site
K /  ? / x )
o Hierarchy of roads
o Traffic calming measures
JUNCTION
LAYOUTS
o Sight lines/ visibility requirements
o Junction spacing
o Junction stagger
NON-
VEHICULAR
o Non-vehicular access e.g. 
pedestrian, cyclist, equestrian. 
Define main route through 
development.
A.2.2 Pavement
The design Process can be split up into different areas as follows:
• Thickness Design - That is the design of the actual road surface
• Foundation Design - That is the design of the Subgrade and sub-base
The design process includes the following considerations:
DESIGN
ELEMENT
DESIGN CONSIDERATION
Applicable on 
all/part of site
( / I  ? / X )
PAVEMENT
o Traffic Assessment & traffic 
loading
o Permissible material:
• Flexible
• Rigid
• Rigid Composite
• Flexible Composite
(h T ’ ■ Pa9e A7 - APRIL 2008
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A.2.3 Earthworks
The Process of earthworks is to excavate the existing land to a suitable level 
so that development construction may begin. The following considerations 
should be taken into account:
DESIGN
ELEMENT DESIGN CONSIDERATION
Considered 
on all / part o f 
site
(✓ / ? / X )
Type of material for construction
Classification of material in accordance 
with SHW
Form of earthworks: 
o Cut 
o Fill
o Balance of cut and fill
Treatment of earthworks material to 
make suitable re-use in works 
(including contamination assessment)
Borrow pits
EARTHWORK
Approximate quantities of material 
required for the fill areas, including 
pavement construction
On-site or local material not subject to 
aggregate levy
Movement/ distribution of material from 
one part of the site to the next
Landtake restrictions
Visual intrusion of the earthworks into 
the surrounding area
Limitations on the access along the 
site caused by railways, roads, rivers
House foundation type
Ground Improvement Measures
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A.2.4 Parking
DESIGN
ELEMENT DESIGN CONSIDERATIONS
Applicable on 
all/part o f site
K / 7 / X )
Existing and future landuse and 
developments
Present and predicted parking space 
demands
Level of provision
PARKING Existing and future off-street parking 
areas
Types of parking demand and 
requirements from different kinds of 
users
Parking bay sizes
Types of parking controls to be 
provided
Enforcement
Particular local problems
Parking as part of a demand 
management strategy for an area
Funding and charges
Disabled facilities
A.2.5 Lighting
The standard of street lighting to be adopted on Residential Access Roads is 
generally to be in accordance with British Standard 5489:2003. The Highway 
Authority will determine the level of provision and any amendments to the 
specification.
Lighting columns and fittings make a major impact on the appearance of the 
scheme and should be planned as part of the overall design concept.
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A.2.6 Safety Barriers
Where required the provision of safety barriers shall include the following 
considerations:
DESIGN
ELEMENT DESIGN CONSIDERATIONS
Applicable on 
all/part of site
K /  ? / x )
SAFETY
BARRIERS Preliminary risk assessment
A.2.7 Utilities
The provision of statutory or other services laid underground constitutes a 
basic element of development design. The statutory undertakers who provide 
such services should be consulted so that their requirements can be 
coordinated in the design. The main considerations include:
DESIGN
ELEMENT DESIGN CONSIDERATIONS
Applicable on 
all/part of site
K /  ? / x )
UTILITIES
o Water Company
o Electricity Company
o Gas Supply Company
o Sewerage Undertaker
o British Telecom
o Cable TV
o Other
Possible diversion of services due to 
proposed construction works
Future maintenance of service 
apparatus
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A.2.8 Landscaping
DESIGN
ELEMENT
DESIGN CONSIDERATION
Applicable on 
all/part of site
K /  ? / x )
LANDSCAPE
Identification of trees under tree 
preservation order.
Evaluation of the site topography, 
existing features and soils
Location of areas to be landscaped.
Impact of proposed trees on building 
foundations and pavements
A.2.9 Miscellaneous
Consideration should be given to the following design elements as could have 
an impact on the future development.
DESIGN
ELEMENT DESIGN CONSIDERATION
Applicable on 
all/part of site
K /  ? / x )
SITE
CLEARANCE Structures to be demolished
STREET
FURNITURE
Signs
Road Markings
Traffic signals
STRUCTURES Structure over highway
Structure over railway -  designed by 
approved design consultancy.
PHASING
Access for phased construction
Overall plan developed for earthworks 
and drainage to avoid problems with 
later phases
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A.3 Geotechnical Considerations
1. Brownfield Sites
2. Ground Improvement
3. Foundations
4. Groundwork
A.3.1 Brownfield sites
Where a site has formely been developed it will likely be covered in fill 
material, i.e. a brownfield site. The nature, depth and extent of this material 
should be defined. The possibility of the ground being contaminated must be 
considered. The Interpretive Report should assess any contamination, its 
implications for both road construction and maintenance of the completed 
road and its drainage system and detail measures necessary to deal with the 
problem. The following checklist should be completed:
CONSIDERATIONS YES / NO
Have the Investigations  stated in TGP Geotechnics and 
Environmental Development Checklist been followed?
Has the risk from Contamination Pollution  been 
assessed in accordance with the TGP Geotechnics and 
Environmental Development Checklist?
Have the Remediation /  Design M itigation  measures 
recommended in the TGP Geotechnics and 
Environmental Development Checklist been followed?
Has the protection of groundwater and surface water been 
considered?
A.3.2 Ground Improvement
To overcome the hazards associated with ground improvement measures can 
be used. The following checklist should be completed:
CONSIDERATIONS YES / NO
Have the Investigations  stated in TGP Geotechnics and 
Environmental Development Checklist been followed?
Have the Ground Improvement Measures been reviewed 
(where necessary) in accordance with the TGP 
Geotechnics and Environmental Development 
Checklist?
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A.3.3 Foundations
In some cases it may be beneficial to design foundations to compensate for 
poor ground conditions. The following checklist should be completed:
CONSIDERATIONS YES / NO
Have the Investigations  stated in TGP Geotechnics and 
Environmental Development Checklist been followed?
Have appropriate Foundation Options been reviewed in 
accordance with the TGP Geotechnics and 
Environmental Development Checklist?
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A .4  D esign  S ta tem en ts  and A ssessm en ts
A number of assessments and statements may be required by the planning 
authority to permit the proposed development. The guidance below covers 
the following;
1. Design and Access Statements
2. Supporting Planning statement
3. Transport Statement
4. Environmental impact Assessment
5. Ecological Assessment
6. Tree Survey
7. Archealogical Assessment
8. Regeneration Assessment
9. Energy Statement
10. Noise Impact Assessment
11. Sound Insulation Assessment
12. Air Quality Assessment
13. Sustainability Assessment
Consideration should also be given to flood risk assessment (see Section A1 
above), and contamination strategies (see Section A3.1 above ant the TGP 
Geotechnics and Environmental Development Checklist).
A .4.1 D esign  and A ccess  S ta tem en ts
Most local authorities require that applications for planning permission are 
accompanied by design and access statements. A design and access 
statements provide developers and designers with an opportunity to describe 
their vision for a site and demonstrate how they have responded to each of 
the key design and sustainability principles.
They normally include a written description and justification of the planning 
application, often using photographs, maps and drawings to help clarify 
various issues.
Design Statement
ELEMENT TO BE PROVIDED Complete?( / I  ? / X )
A justification of the use in terms of land 
use policies
USE
An explanation of how the uses will work 
well together, making the place more 
useful for the community
Access need of different uses 
(accessible to everyone)
fO P '
- Page A14 - APRIL 2008
A P P E N D IX  A : D e s ig n  C o n c e p ts  C h e c k l is t s
ELEMENT TO BE PROVIDED Complete?
(✓ / ? / X )
AMOUNT
Show that the amount of development 
planned takes into account how much 
development is suitable for the site
Building amounts
How the scheme affects the way the 
area works. Factors include the number 
of people there will be around, as well 
as the quality of the buildings and 
spaces.
For major developments, explaining how 
the amount of development planned will 
change the neighbourhood
LAYOUT
How the buildings and spaces in and 
around the site would work together.
How the layout contributes to making 
the place safer.
Purpose of different parts of the site
What are conflicting pressures on layout 
design and which ones have been given 
priority.
SCALE
Drawings that show the relationship 
between existing buildings on or around 
the site and those proposed
Show that the scale of the development 
takes account of the restrictions of the 
site and the need for good design
Three-dimensional aspect of scale 
across
LANDSCAPE
All treatments of outdoor spaces, 
including street furniture, water features 
and road materials
Should show that the planned 
landscape design is based on a strategy 
for long-term maintenance and 
management
Show how the needs of disabled or 
older people will be met
APPEAREANCE
Set out the design rationale that 
underpins the proposal and how this has 
informed the detailed aspects of the 
scheme.
Explain how the appearance fits with 
other aims for the development.
Pictures of what the scheme would look 
like
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ELEMENT TO BE PROVIDED Complete?
(✓ / ? / X )
Acknowledge that appearance changes 
throughout the day and across the 
seasons as light levels, weather 
conditions and vegetation change.
Access Statement
ELEMENT TO BE PROVIDED Complete?
(✓ / ? / X )
Provision for access
Provision for parking
Access for emergency services
Provision for sanitary conveniences for people with 
disabilities (only for building accessible to the public)
Show how surrounding roads, footpaths and sight lines will 
be linked.
A.4.2 Supporting Planning Statement
A statement demonstrating how the proposed development accords with 
policies in the development plan, Supplementary Planning Guidance/ 
Documents or development briefs. It should also include details of 
consultations with LPA and wider community/statutory consultees undertaken 
prior to submission.
Further guidance is given in Chapter 7 of Creating Local Development 
Frameworks: A Companion Guide to PPS12.
A.4.3 Transport Assessment
A Transport Assessment will be required for major residential or commercial 
developments, particularly where the development is accessed from a trunk or 
major A road. Typical information to be included is summarized in the table 
below:
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ELEMENTS TO BE ASSESSED Complete?( s n  i x )
Adjacent road hierarchy based on:
o Volume of vehicular traffic
o Type of vehicular traffic
o Destinations of vehicular traffic
o Volume of pedestrian traffic
o Type of pedestrian traffic
o Destinations of pedestrian traffic
Has a ‘Green Travel Plan’ been developed for the site?
How traffic patterns are likely to change in the foreseeable 
future?
Proposed development impact based on:
o Volume of vehicular traffic
o Type of vehicular traffic
o Distribution of vehicular traffic
Content and conclusions of Transport Assessment / or 
Safety Audit
Demand which the development is likely to generate for 
public transport
Adequacy of adjacent road network
Restrictions on road access to the site, including:
o Location
o Sight distance
o Traffic calming
Any requirement for structures and adequacy of 
watercourses, pipes and road culverts and their outfalls
Any requirements for cyclists
Any requirements of East of Scotland water, SEPA and 
SUDS Transportation Services
Further advice is available in Planning Policy Guidance 13: Transport
A ir
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A.4.4 Environmental Impact Assessment (EIA)
Environmental impact assessment (EIA) is a process which identifies the 
environmental effects (both negative and positive) of development proposals. 
It aims to prevent, reduce and offset any adverse impacts.
The Environmental Impact Assessment (EIA) procedure must be followed for 
certain types of development before they are granted consent. The UK 
procedures are set out in Environmental impact assessment: guide to 
procedures. An Environmental Statement (ES) is always required for 
Schedule 1 projects and may be required for Schedule 2 projects.
From the developer's point of view, the preparation of an environmental 
statement in parallel with project design provides a useful framework within 
which environmental considerations and design development can interact.
If required, the developer has to compile an ES describing the likely significant 
effects of the development on the environment and proposed mitigation 
measures. The ES must be circulated to statutory consultation bodies and 
made available to the public for comment.
The national guidance includes a checklist of matters to be considered for 
inclusion in an ES, but it is also essential to agree the scope of the ES with 
the Planning case officer.
A checklist of matters to be considered for inclusion in the environmental 
statement can be obtained from the link below: 
http://www.communities.gov. uk/index.asp?id:::1143269
A.4.5 Ecological Assessment
Developments that do not affect sites of national or international 
environmental importance or give rise to complex environmental impacts are 
not likely to require an Environmental Statement under the Environmental 
Impact Assessment Regulations. However, if they have a significant local 
ecological impact, the applicant will be required to submit an Ecological 
Assessment of the impact, details of any mitigation measures proposed and 
justification for any unavoidable impacts.
If there is the possibility of the habitat of any protected species being present 
on the site, it may be necessary to commission a (licensed) survey from a 
specialist consultant. Protected species are identified in The Conservation 
(Natural Habitats, etc) Regulations 1994, which includes schedules of 
European protected species of animals and plants.
The Council identifies areas of ecological interest in its UDP and Nature 
Conservation Strategy and it is necessary to agree the scope of an Ecological 
Assessment with an officer.
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English Nature publish guidance to assist planners, developers and ecological 
consultants preparing development proposals involving protected species.
A checklist of matters to be considered for inclusion in the ecological survey 
report include:
DESIGN CONSIDERATION
Applicable on 
all/part o f site
(✓ / ? /  X )
Consultation with the council for information on key 
environmental schemes and designations of relevance 
to the site
Vegetation Survey
o Exotic and invasive species
Habitat Survey
o Breeding birds
o Badger
o Otter
o Water Vole
o Bats
o Great Crested Newts
o Amphibians
o Reptiles
Relevant Legislation
Potential Impacts
Mitigation measures
Ecological enhancement
A.4.6 Tree Survey
A tree survey will be a pre-requisite to considering development proposals 
affecting trees or proposals to fell trees. A tree survey should be carried out 
by an experienced, qualified arboriculturalist following guidance contained in 
BS 5837. The tree positions can be shown on a topographical site survey plan 
detailing the following:
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DESIGN CONSIDERATION
Applicable on 
all/part o f site
K /  ? / x )
Location of stems
Species
Hedges, shrub areas or extensive areas of regenerating 
woodland or recently felled trees
Trees to be retained
Trees proposed for removal
Trees protected by a Tree Preservation Order to be 
cross-referenced to the Order
A summary table cross referencing trees to layout plan. 
The table should give the following details:
■ Species
■ Number of stems
■ Stem diameter
■ Height and accurate spreads
■ age
A.4.7 Archaeological Assessment
Where a development site is thought likely to contain archaeological remains, 
an application will need to be supported by an Archaeology Statement. This 
Statement will detail what site assessment (including appraisal of standing 
buildings) and evaluation has been carried out and detail what mitigation 
measures are proposed, should the scheme be permitted.
In all cases where archaeological remains are possible, it is recommended 
that at least a desktop study of the potential remains is carried out, and the 
results of the study submitted with a planning application. However, where a 
site may contain significant archaeological remains, a supporting 
archaeological statement will become essential, even if some details of 
remediation works are capable of being conditioned for later approval.
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APPENDIX A: Design Concepts Checklist:
A.4.8 Regeneration Assessment
A supporting statement of any regeneration benefits from the proposed 
development including:
Floorspace_______________________________________________________
Relative details of any new jobs that might be created or
supported________________________________________________________
Totals for each proposed use (where known);_________________________
Any community benefits___________________________________________
Reference to any regeneration strategies______________ ______________
A.4.9 Energy Statement
The statement should show the predicted energy demand of the proposed 
development and the degree to which the development meets current energy 
efficient standards. Further advice is available in PPS22: Renewable Energy.
An Air Quality Assessment must clearly indicate the likely change in ambient 
pollutant concentrations (relevant to the national air quality objectives) arising 
from the proposed development. The factor of greatest importance will, 
generally, be the change in air quality resulting from the proposed 
development. There is no single, definitive method for carrying out a detailed 
Air Quality Assessment.
If a development proposal meets any of the Transport Assessment Criteria or 
is an industrial activity outlined in the Pollution Prevention and Control 
(England and Wales) Regulations 2000 that gives rise to emissions to the 
atmosphere, it will require screening by the Council’s Environmental 
Protection Service (EPS), to determine whether or not an Air Quality 
Assessment is required.
A.4.10 Noise Impact Assessment
Planning authorities’ consideration of planning applications that raise 
significant noise issues will be greatly assisted by a noise impact assessment. 
These can be used to show whether a noise problem is likely to occur, 
demonstrate its implications and help identify measures for its effective control 
or mitigation. It may form part of a more general Environmental Impact 
Assessment. A Noise Impact Assessment should be prepared by a suitably
DESIGN CONSIDERATION
Applicable on 
all/part of site
K /  ? / x )
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qualified acoustician. Before carrying out noise impact assessment planning 
authorities should agree with the applicant representative levels (and the way 
in which this will be assessed) of existing noise that the proposed 
development will be assessed against.
Noise impact assessments should seek to:
• measure or predict and describe noise levels (including traffic noise)
(i) to be generated by the proposed development; or
(ii) that the proposed development is to be subjected to.
• establish criteria for assessing the impact of noise on its surroundings.
• outline measures available to reduce noise impact to acceptable levels.
Further guidance on carrying out a noise impact assessment is given in 
Planning Policy Guidance 24: Planning and Noise.
A.4.11 Sound Insulation Assessment
Advice should be sought from the LPAs Environmental Health Service for 
individual Council requirements for sound insulation in residential and 
commercial developments and from Building Control about the need to submit 
either a ‘Full Plans’ application under the building regulations or a Building 
Notice for the erection of most types of buildings, material alterations to 
existing buildings. Works will need to be inspected onsite during the 
construction process.
A.4.12 Air Quality Assessment
An Air Quality Assessment must clearly indicate the likely change in ambient 
pollutant concentrations (relevant to the national air quality objectives) arising 
from the proposed development. The factor of greatest importance will, 
generally, be the change in air quality resulting from the proposed 
development. There is no single, definitive method for carrying out a detailed 
Air Quality Assessment.
If a development proposal meets any of the Transport Assessment Criteria or 
is an industrial activity outlined in the Pollution Prevention and Control 
(England and Wales) Regulations 2000 that gives rise to emissions to the 
atmosphere, it will require screening by the Council’s Environmental 
Protection Service (EPS), to determine whether or not an Air Quality 
Assessment is required.
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A.4.13 Sustainability Assessment
To assess a projects sustainability there are several approaches that can be 
taken. The following checklist has been adapted from the concepts put 
forward by the Forum for the Future in their ‘12 features’ of a sustainable 
society. The 12 features are distributed between 5 types of capital stock. 
The concept is that investment in all of these stocks will lead to a sustainable 
project.
CAPITAL FEATURE Considered?K /  ? / x )
Natural
Environmental impact of raw materials used 
are minimised
Environmental impact of manufactured 
products or materials used are minimised
Ecosystems and biodiversity are protected 
or enhanced
Human
Health of individuals involved in construction 
and use of the development is protected or 
enhanced
Individuals involved in construction or use of 
the development have enhanced access to 
work, personal creativity and recreation
Education and development opportunities 
are created through the development
Social
Local communities are consulted on the 
proposed development
Homes and communities provide safe and 
supportive living and working environments
Manufactured
Use of recycled materials / innovative 
design is used wherever possible to 
minimise need for raw materials
Financial
Financial capital represents the value of 
natural, human, social and manufactured 
capital
Project goals should be set within each of the sustainable development areas 
(environmental, social, and economic), which are suitable for the specific local 
conditions for the development.
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B.1 Outline Planning Permission Checklist
Supporting information to be provided for outline planning permission is set 
out in the checklist below:
Design Consideration
Preliminary street designs and layouts
A location plan
Design Statement
Access Statement
Supporting Planning Statement
Transport Assessment
Environmental Statement
Flood Impact Assessment
Drainage Assessment Strategy
Utilities Statement
Tree Survey
Regeneration assessment
Sustainability Appraisal
Energy Statement
Planning Obligation (s)/ Draft Heads of Terms
Remediation Requirements
Groundwater Protection
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B.2 Full Planning Permission Checklist
Supporting information to be provided for detailed or full planning permission 
is set out in the checklist below:
Design Consideration
Preliminary street designs and layouts
A location plan
Design Statement
Access Statement
Supporting Planning Statement
T ransport Assessment
Environmental Statement
Contamination Strategy
Flood Impact Assessment
Drainage Assessment Strategy
Regeneration assessment
Sustainability Appraisal (including sustainable materials)
Energy Statement
Planning Obligation (s)/ Draft Heads of Terms
Draft Travel Plan
Air Quality Assessment
Noise Impact Assessment
Sound Insulation Assessment
Listed building and conservation area appraisal
Lighting assessment/ details of lighting scheme
Engineering Doctorate:
Regenerating the Brownfields: Decision Support for Contaminated Land Professionals
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NOTE TO READER: The following document has been 
developed as a prototype and has not been tested for 
commercial use; as such the checklists contained are not
considered exhaustive.
G e o te ch n ics  and E n v iro n m e n ta l
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EXECUTIVE SUMMARY
To ensure cost effective design and to minimise the risk of long term problems on a site, it is 
essential to carry out a thorough site investigation. The aim of any good site investigation is to 
establish a complete understanding of the ground conditions and identify hazards on the site that 
could affect the design and performance of foundations, roads, services etc. It is imperative that 
this process is carried out for ALL sites, the detail of which will depend on the site specific 
circumstances.
The purpose o f this guide is to help;
■ “Get it right first time” avoiding costly long-term problems
■ Select the most appropriate and cost effective foundation solution
The process requires a commitment to ensure a properly funded assessment of the site and 
adherence to the established site investigation processes, whilst considering each of the sites on 
its own merits. It is strongly recommended that a Geotechnical Advisor be appointed to ensure 
that the assessment process is carried out completely and effectively.
This guide contains a checklist to help identify possible site hazards and guidance as to the 
possible mitigation measures that can be applied, both generally and specifically for ground 
movement and contamination issues. The guide has been produced to comply with the site 
assessment process outlined in NHBC Standards and industry best practice as described in 
BS5930:1999 Code of Practice for Site Investigations, Association of Geotechnical and Geo- 
environmental Specialists (AGS) guidance and others (see References). The stages required 
are as follows;
■ STAGE 1: Initial Assessment
■ STAGE 2 Basic Ground Investigations
Typical hazards that may be found on a site are shown in Figures 1-3 and include; flood risk, 
drainage issues, contamination (soil, water, gas and acid / sulphate attack on concrete), ground 
movement or instability from slopes etc, tree / shrub roots, underground obstructions / voids 
(including mine workings). For sites where hazards are suspected or have been identified from 
the Initial Assessment or Basic Ground Investigations, the following stages apply.
■ STAGE 3: Hazard Summary
■ STAGE 4: Detailed Investigation
■ STAGE 5: Hazard Mitigation
To ensure value engineering the mitigation process should seek to avoid the hazard in the first 
instance, then reduce or remove it and finally implement changes to the design to accommodate 
it. In addition, the design of hazard mitigation measures should consider the site as a whole, 
optimising site layout, phasing and the programme for development to ensure the most efficient 
solution is found.
ii
April 08 - Draft
CONTENTS
Introduction 1
Document Overview 3
Project Overview 4
Stage 1: Initial Assessment 5
Stage 2: Basic Ground Investigation 9
Stage 3: Hazard Summary 11
Stage 4: Detailed Investigation 12
Stage 5: Hazard Mitigation 14
General 14
Ground Movement 15
Contamination 19
Assessment Summary 20
Mitigation Summary 21
Relevant Documentation 22
References 23
Figure 1: Ground Stability Hazards 
Figure 2: Contamination Hazards 
Figure 3: Hazard Summary
April 08 - Draft
INTRODUCTION
To ensure cost effective design and minimise the risk of long term problems on a site, it is 
essential to carry out a thorough investigation. The aim of any good site investigation is to gain 
an understanding of the ground conditions and identify hazards on the site that could affect 
the design and performance of foundations, roads, services etc. It is imperative that this process 
is carried out fo r ALL sites, the detail of which will depend on the site specific circumstances.
PURPOSE OF THIS GUIDE
The purpose o f this guide is to help;
■ “Get it right first time” avoiding costly long-term problems
■ Select the most appropriate and cost effective foundation solution
The process requires a commitment from the client to ensure a properly funded assessment and 
adherence to the established site investigation processes having considered each site on its 
own merits.
GEOTECHNICAL ADVISOR
To ensure that the process is carried out correctly it is recommended that a Geotechnical 
Advisor be appointed to oversee and approve the complete assessment process. The role of 
the Geotechnical Advisor is to ensure that all aspects of the investigation are properly completed 
and fully integrated.
The Geotechnical Advisor could be a member of the site investigation team, should be a 
Geotechnical Engineer with 5-10 years experience and be appointed from the start of the 
development project.
WHAT IS A HAZARD?
A hazard is a situation or event that has the potential to cause harm, be it to human health, 
structures or the wider environment.
NHBC Rules state that where a s ite1 is considered to be hazardous, the NHBC must be notified 
in writing 8 weeks before construction begins on site. Failure to do so can result in delays in 
construction and issuing of the 10-year cover.
The type of hazards that could affect a development may be associated with;
■ Ground movement
■ Flooding or drainage 
* Contamination
■ Local ecology
This guide has been produced to take the user through the site investigation process to meet 
NHBC Standards and industry best practice as described in BS5930:1999 Code of Practice for 
Site Investigations and Association of Geotechnical and Geo-environmental Specialists (AGS) 
guidance and others (see References).
1 NHBC rules define a site as; ”any area of land which is covered by a single detailed planning consent. ”
   ,  1 of 24
April 08 - Draft
m r
INTRODUCTION
WHAT DO I DO IF THERE ARE HAZARDS ON THE SITE?
The process for dealing with hazards is first to conduct a Detailed Investigation into the extent 
and severity of the hazard. It will then be possible to include mitigation measures in the design, 
the details of which will depend on the site specific circumstances.
HOW DO I FIND OUT WHAT HAZARDS ARE ON THE SITE?
The assessment process for ALL sites and will require the following activities to be carried out 
and recorded by a suitable person2-,
■ Initial Assessment including;
a. Desk study3
b. Site walkover survey4
■ Basic Ground Investigations5 including;
a. Investigation holes;
b. Trial pits as a minimum and boreholes i f  required.
c. Sampling and testing for geotechnical properties and contamination.
Should either of these activities identify any potential hazards on the site then a Detailed 
Investigation will be required. Upon confirmation of the presence of hazards NHBC must be 
notified in writing at least 8 weeks prior to work starting on site.
THIS GUIDE
The following pages contain a checklist to help identify any possible hazards. The information 
gleamed from the desk study, walkover survey and Basic Ground Investigations will enable the 
user to complete the checklist. The stages required are as follows;
■ STAGE 1: Initial Assessment
■ STAGE 2: Basic Ground Investigations
Potentially hazardous features are identified in the above stages with a should
any of these features be applicable to the site they should be included in the Hazard Summary 
and a Detailed Investigation carried out.
■ STAGE 3: Hazard Summary
■ STAGE 4: Detailed Investigation
■ STAGE 5: Hazard Mitigation
In general this document follows the NHBC framework for site assessment, and although it is 
based on this guidance additional aspects have been added and advice expanded on to offer a 
complete best practice guide to site assessment. For clarity all text that is based on or directly 
refers to NHBC Standards is indicated with (NHBC).
2 This may be the Geotechnical Advisor themselves or may simply report their findings to them. A list of required skills 
and knowledge are given in NHBC Standards Appendix 4.1-D.
3 For more information as to the required content of a desk study refer to BS5930:1999 Annex A and NHBC 
Standards 4.1-D1
4 For more information on the type of information to be obtained form a walkover study see NHBC Standards 4.2-D2
5 All ground investigations should be in accordance with BS5930: 1999, as summarised in NHBC Standards 4.1-C
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DOCUMENT OVERVIEW
The following 3 stages are required for ALL sites. The checklists in the following pages run 
through this assessment process
If any hazards
identified
Detailed
Investigation
required
If any hazards
identified
Detailed
Investigation
required
The following additional stages are relevant to sites affected by hazards.
Design of 
detailed 
investigations 
should be 
carried out by 
a suitable 
specialist /  
consultant
Design of 
mitigation 
measures 
should be 
carried out by 
a suitable 
specialist /  
consultant
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SITES WITH SUSPECTED HAZARDS
ACTIVITIES
Investigation holes L  Extent and severity
Testing W  of suspected
Other relevant ^  hazards
investigations
STAGE 5: HAZARD MITIGATION
Hazard Action List for general notes on hazard mitigation 
Hazard Mitigation for specific key issues;
■ Ground Stability
■ Contamination
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ALL SITES
STAGE 1: INITIAL ASSESSMENT
ACTIVITIES
Desk Study 
Site walkover 
survey
Site history 
Current land use 
Ground conditions 
Ecology 
Services
STAGE 2: BASIC GROUND INVESTIGATION
ACTIVITIES
Trial Pits 
Boreholes
Contamination tests 
Geotechnical tests
Ground condition 
(logs and tests) 
Ground water level 
Contamination
STAGE 3: HAZARD SUMMARY
A summary of potential hazards that can be identified from the Initial 
Assessment and Basic Ground Investigation.
Should any of these hazards be applicable to the site a Detailed 
Investigation is required. NHBC must be notified in writing of any sites 
with hazards 8 weeks prior to work commencing on site.
PROJECT OVERVIEW
BASIC INFORMATION
Site Name:
Site Location:
OS Grid Reference:
Type of Development (general 
description):
Size of Development (ha):
STRUCTURE CHARACTERISTICS
Number of blocks of flats
Number of storeys / block
Number of houses
Number of storeys / house
Retaining wall structure 
proposed? (YES/NO)
Basement proposed? 
(YES/NO)
Site preparation required (Cut or 
Fill)? (YES/NO)
If >3 NHBC Technical 
requirement R5 applies
If >3 NHBC Technical 
requirement R5 applies
INITIAL ASSESSMENT
The Initial Assessment (desk study and walkover survey) and Basic Ground Investigation should 
include an assessment of;
■ History of the site and surrounding area (noting any significant events such as flooding)
■ Current land use on and around site
■ Ground conditions (Topography, Soil type)
■ Contamination
■ Statutory services
■ Ecology
■ Vegetation
■ Surface and ground w ater
The results of these activities should be included in comprehensive Initial Assessment and Basic 
Ground Investigation Reports and can be used to record key results in the check lists that follow.
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STAGE 1: INITIAL ASSESSMENT
The Desk Study (including walkover survey) and Basic Ground Investigation Reports should be 
used to complete the following checklists. Potentially hazardous features are identified in the 
following stages with a fs H ila jra C T W ff. should any of these features be applicable to the site 
they should be included in the Hazard Summary and a Detailed Investigation carried out as 
appropriate.
PREVIOUS LAND USE TYPES (General) M nhbcj
Previous Land Uses T ype
Detailed
information
available?
K / ? / x )
First 
recorded on 
site 
(Year)
Last 
recorded on 
site 
(Year)
Agricultural
Commercial/ Industrial
Residential
Mining / quarrying
Landfill
Government (armed forces)
COMMENT
PREVIOUS SIGNIFICANT EVENTS6(NHBC>
Event Type
Detailed
information
available?
K / ? / x )
Dates of Occurrence 
(Years)
Flooding
Contamination
Remediation
Subsidence
Land slide / slip
COMMENT
6 Desk study should contain an assessment of site history
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STAGE 1: INITIAL ASSESSMENT
CURRENT LAND USE mnhbcj
Current Land Use 
ON SITE
Detailed
information
available?
K / ? / x )
Agricultural
Commercial/ Industrial
Residential
Mining / quarrying
Landfill / tipping
Government (armed forces) .
Statutory Services
COMMENT
CURRENT LAND USE (AROUND SITE) ? «(n™c)
Current Land Use 
SURROUNDING AREA
Detailed
information
available?
K / ? / x )
Distance to 
land use from 
site boundary 
(m)
Agricultural
Commercial/ Industrial l i H l i i l
Residential
Mining / quarrying
Landfill / tipping
Government (armed forces)
Statutory Services
COMMENT
7 Site walkover survey and desk study should include an assessment of current land use on and around the site
8 If a potential hazard is located outside of boundary consideration of distance to hazard should be given in 
determining relevance to development. Hazards relevant to land use on and around site include; evidence of cracking 
/ settlement of buildings, known subsurface structures or voids, evidence of contamination.
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STAGE 1: INITIAL ASSESSMENT
GROUND CONDITIONS9 (NH*c)
Description of Ground Conditions Potential Risk
Topography
(General)
Flat Drainage
Sloping (without specific hazard*)
Sloping (with specific hazard*) Stability
Steep Stability
Variable Settlement
‘ Hazards relevant to topography include;
■ Significant abrupt changes in slope
■ Excavations at base of slopes
■ Overburden on slopes, or signs of landslip (tilting trees or fence posts)
Description of Ground Conditions Potential Risk
Clay Settlement
Granular (sand)
Granular (gravel)
Rock (Limestone / Chalk) Solution features
Soil Type10 Rock (Other)
Soft (peat or silt) Settlement
Made Ground Settlement/contamination
Variable (tick all that apply) Settlement
Soil with naturally elevated 
contamination (including ground gases) Contamination
Hazards relevant to soil type include;
■ Shrinkage of subsoil (desiccated)
■ Sudden changes in ground conditions
9 Desk study, site walkover survey and Basic Ground Investigations should include an assessment of the ground 
conditions (topography and soil type).
10 List provided here is not exhaustive and users should consider other site specific hazards, e.g. expansive clays / silt
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STAGE 1: INITIAL ASSESSMENT
VEGETATION10 (NHBC)
Description of Ground Conditions Potential Risk
Specific Hazard 
Indicators
Is vegetation sparse, dead or dying on 
or next to site Contamination
Are trees present on the site
Possible root 
damage /  soil 
shrinkage
Are hedges / scrub present in clay soil?
Possible root 
damage /  soil 
shrinkage
Evidence of former trees / hedges / 
scrub on clay
Possible root 
damage /  soil 
shrinkage
Evidence of Japanese Knotweed or 
other intrusive vegetation?
Root damage /  
contamination
SURFACE WATER & GROUND WATER11 (nhbc)
Description of Ground Conditions Potential Risk
Ground water
Major / Minor aquifer Contamination
Perched water table Settlement
Artesian water conditions Settlement
Surface water
Water course on site? Flooding /  Contamination
Water course close to site? Flooding /  Contamination
Specific
Hazards
Waterlogged ground (indicates high 
water table)
Flooding /  
stability
Signs o f flooding Flooding
Reeds or similar water-loving plants Flooding
Springs, ponds, ditches or streams Flooding
Discoloured water Contamination
10 The walkover survey should include an assessment of site vegetation
11 The walkover survey and Basic Ground Investigations should include an assessment of surface and groundwater
H P
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STAGE 2: BASIC GR
Basic Ground Investigations are required for ALL sites. Only suitable persons12 should carry 
out the Ground Investigations and all investigations should be compliant with relevant British 
Standard BS5930: 1999. Should any hazards be identified or suspected from the Basic Ground 
Investigations, a Detailed Investigation must follow.
SUITABLE PERSON12 (nhbc)
This may be the Geotechnical Advisor themselves or may simply report their findings to them. 
The person must understand the hazards and be capable of recognising them, be capable of 
identifying when specialist advice is required and be able to report the findings of the Initial 
Assessment and Basic Ground Investigation clearly and concisely.
OBJECTIVES
The objectives of the Basic Ground Investigation are to confirm the ground conditions in terms 
of;
Descriptions of the soil types present on site
■ Identify geology across the site 
Identify ground water levels
Physical properties of the subsoil for foundation design
■ Contamination on site
The Basic Ground Investigation should supplement the initial desk study and site walkover 
information and provide recommendations for suitable foundations based on the results of the 
investigation.
REQUIRED ACTIVITIES (nhbc)
The following aspects should be included in a Basic Ground Investigation 13.
ACTIVITY COMMENT
TRIAL PITS
Number and location of trial pits should be sufficient to give a 
representative overview of the site and will depend on the site conditions 
and proposed development.
Trial pits should be located outside of the proposed foundation area 
(distance from foundation to  be at least one trial pit depth)
Depth of trial pits should not usually be less then 3m
Trial pits should be logged appropriately to include soil profile, 
groundwater strikes and significant features -  this may require shoring of 
pits to allow full access.
BOREHOLES Where trial pits cannot provide sufficient information for geotechnical assessment of the site boreholes may be required.
12 This may be the Geotechnical Advisor themselves or may simply report their findings to them. A list of required 
skills and knowledge are given in NHBC Standards Appendix 4.1-D.
13 The recommendations included are compliant with NHBC Standards and industry good practice
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STAGE 2: BASIC
ACTIVITY COMMENT
For geotechnical design samples should be taken and tested for 
classification purposes and strength. Geotechnical tests required will 
depend on site specific circumstances and may include;
■ Cone Penetrometer Tests (CPTs)
■ Standard Penetration Tests (SPTs)
■ Triaxial tests
Basic characterisation (particle size distribution (PSD), moisture 
content, pH etc)
* Skip tests
Samples should be taken from trial pits and tested for contamination as 
SAMPLING & required based on the Initial Assessment. Contamination tests specified
TESTING will depend on the site specific circumstances and the proposed
development. Tests may be required to;
■ Determine whether a site is contaminated
■ Dispose of material off site
■ Re-use material on site
OUTCOMES (NHBC)
The Initial Assessment checklist should be reviewed in light of the results of the Basic Ground 
Investigation. Should any hazards be identified during the Basic Ground Investigation or any 
doubts remain as to contamination on the site; a Detailed Investigation should follow.
Where contamination is not suspected on site NHBC may require evidence to substantiate this.
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STAGE 3: HAZARD SUMMARY
“ W H A T  H A Z A R D S  A R E  PRESENT O N  M Y  S IT E ? "
The following table outlines the key hazards that can affect a development, as listed in NHBC 
Standards. It should be noted that the known or suspected presence of any hazard should lead 
to a Detailed Investigation and design o f mitigation measures for the hazard prior to site 
development.
Associated Risk
High water table / low lying land Flooding /  Contamination
Mining Settlement /  Ground gasses
Chalk or Limestone solution 
features
Stability
Trees Stability (shrinkage /  heave)14 /  Root damage
Peat Settlement /A c id  attack /  Ground gasses
Low bearing capacity ground Settlement
Made ground / tipping Settlement /  Ground gases
Former buildings / structures Settlement /  Underground obstructions
Adjacent buildings Stability
Drains (including land drains) Contamination /  Flooding /  Drainage
Sulphate
Ground movement /  
Chemical attack on 
concrete
Surface water adjacent to land Flooding /  Erosion
Soil
Contam ination15 Water Harmful substances
Gas including 
radon gas16
14 See Technical Requirements R5 in NHBC Standards 2006
15 NHBC may require evidence to substantiate a claim that contamination does not affect a site, as well as detailed 
information should contamination be present.
16 For sites located in areas susceptible to radon see Building Regulation guidance
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STAGE 4: DETAILED INVESTIGATION
Detailed Investigations are required for any site where hazards are suspected or identified at;
■ Outset of the project
■ Initial Assessment (desk study / walk over)
■ Basic Ground Investigation
■ Construction stage17
A specialist /consultant18 is required to design, supervise and report on the findings of a Detailed 
Investigation. All investigations should be compliant with relevant British Standard BS5930: 
1999.
SPECIALIST /  CONSULTANT 18 (nhbO
This may be the Geotechnical Advisor themselves or simply report their findings to them. The 
requirements for a specialist / consultant18 are defined in NHBC Standards and are summarised 
below.
Experience has experience with similar types of site and development
Appropriate
discipline(s)
a thorough understanding o f all the relevant skills required on the 
project and has access to the skills of other disciplines including 
chemists, geologists, hydrogeologists and environmental chemists
Legislation understands the legislation and liabilities associated with the area of the United Kingdom in which the development is being carried out
Risk management can carry out risk assessments as part o f the risk management process
Site investigation can design site investigation programmes which include soil sampling, testing and laboratory analysis
Engineering design understands effective risk reduction techniques e.g. engineered foundations and sub-structure details or suitable remediation
Other requirements Project management, Communication, Reporting, Quality assurance, Health and Safety Awareness, Professional Indemnity Insurance
OBJECTIVE
The objectives of the Detailed Investigation will be to identify the extent and severity o f the 
suspected hazards to enable the design of appropriate mitigation measures.
17 Unexpected hazards may still be found on site during the construction works.
18 This may be the Geotechnical Advisor themselves or may simply report their findings to them. Defined in full in 
NHBC Standards Appendix 4.1-D
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STAGE 4: DETAILED INVESTIGATION
REQUIRED ACTIVITIES /  OUTCOMES (NHBC)
The Basic Ground Investigation will form the minimum standard for any investigation; specific 
additions will be required in a Detailed Investigation and will be dependent on the site specific 
situation. This may require a phased approach to investigations.
NHBC should be provided with the results of any Detailed Investigations and proposals for 
mitigation measures for all hazards identified on a site (including both geotechnical and 
contamination related hazards) in writing 8 weeks before work commences on site.
It is possible that during construction additional hazards are encountered. Should this be the 
case the HNBC required that additional specialist advice is sought to ensure that the hazard is 
properly investigated, managed and validated19. The Geotechnical Advisor could be used for 
such advice (provided they possess the appropriate skills).
19 NHBC Standards 4.1 -D 8
UNFORSEEN HAZARDS (n«bc)
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STAGE 5: HAZARD MITIGATION
The general approach to risk management looks first to avoid the risk if possible, this may be 
achieved by altering the development layout, then reduce the impact and finally to employ 
physical measures to mitigate the hazard. This approach should be applied to achieve most 
efficient designs.
When considering mitigation measures for site hazards advantages can also be gained from 
considering the whole site development including latter phases proposed.
GENERAL ACTION LIST
The following table outlines the course of action required for risks associated with specific site 
hazards. A consultant or specialist20 should be used to carry out the detailed investigation, 
management, documentation and validation of hazards. The results o f the Detailed Investigation 
will show the severity of the risk and dictate the required design. The NHBC should be notified 
of the design proposals to overcome any site specific hazards21.
POTENTIAL RISK(NHBC> EXAMPLE HAZARD(NHBC» INVESTIGATION^ MITIGATION
Flooding High water table / low lying land, surface water
Flood risk assessment22 
Design modifications
Water contamination High water table / low lying land Contaminated land risk assessment
Ground movement
Mining, peat, low bearing 
capacity ground, made 
ground / tipping
Ground improvement 
Foundation design
Ground gasses (radon / 
methane / C 0 2)
Rock solution features, 
Peat, made ground / tipping
Contaminated land risk assessment 
Design modifications
Root damage / shrinkage 
of cohesive soils 
(settlement / heave)
Trees Foundation design23
Acid attack / Chemical 
attack on concrete Peat, sulphate Foundation design
Underground
obstructions Foundations, storage tanks Foundation design
Stability of new and 
existing buildings Adjacent buildings Foundation design
Harmful substances 
(humans / environment)
Drains (including land 
drains), contamination Contaminated land risk assessment
The following pages offer specific advice on mitigation measures that may be used for sites 
affected by two key Geo-Environmental issues Ground Movement and Contamination.
20 This may be the Geotechnical Advisor themselves or may simply report their findings to them. A list of required 
criteria for a consultant / specialist are given in NHBC Standards Appendix 4.1-D.
21 Refer to NHBC Standards 4.1-D7a
22 For more information on flood risk see Environment Agency guidance; Communities and Local Government PPS25: 
Development and Flood risk (Dec 2006); DCLG Circular 4/2006
23 For building near trees refer to NHBC Standards Section 4.2, except where; foundations depth > 2.5m within the 
influence of trees; ground with a slope > 1 in 7 (approximately 8°) and man made slopes such as embankments and 
cuttings, underpinning. In these cases require a site specific assessment by an Engineer is required (Tech. Req. R5).
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STAGE 5: HAZARD MITIGATION
GROUND MOVEMENT
The types of hazards associated with ground movement include (also see Figure 1);
■ Fill: compressible, expansive or biodegradable
■ Obstructions / voids: pipes, foundations, mine workings
■ Soft soils / clays
To overcome these hazards two key approaches can be applied;
■ Option 1: Ground Improvement
■ Option 2: Foundation Design
A combination of these approaches may be appropriate in some cases
OPTION 1: GROUND IMPROVEMENT
The following table outlines some of the ground improvement measures24 that can be used to 
increase bearing capacity and control settlement25 for a site where ground movement is 
considered to be a potential hazard. The specific design and application of these measures will 
depend on site specific circumstances, as such a specialist /  consultant26 should be used to 
carry out ground improvement design.
PRE LOADING
Earth fill surcharge is used 
to pre-load the ground, 
increasing its density and 
stiffness. The method can 
be applied to both clay 
and granular sub-soils.
As a surcharge is, typically, at 
least 5 m high, with a large plan 
area, a substantial quantity of fill 
required.
Timescale is dependant on 
material -  low permeability soils 
will take longer and may require 
vertical drains to speed up the 
process.
BRE 
Information 
Paper IP 
16/86 
BRE Report 
BR 424 
CIRIA Rep. 
C572 & 573
IMPACT
COMPACTION
The most commonly form 
of is dynamic compaction 
(DC) in which a heavy 
weight is repeatedly 
dropped onto the ground 
surface. Used for deep 
compaction of loose, 
partially saturated fills.
Plant will require a suitable 
working platform
Noise and vibration can cause 
problems for surrounding lands 
users.
Verification may not be possible 
until some weeks after treatment
BRE 
Reports BR 
424 & BR 
458 
CIRIA Rep. 
C572 & 573
24 Information based on BRE Guide: Brownfield sites an integrated ground engineering strategy (2005) and CIRIA 
Report C573: A Guide to Ground Treatment (2002)
25 Control of settlement can be either to reduce the amount of settlement, ensure more even settlement or speed up 
settlement, depending on the specific ground conditions.
26 This may be the Geotechnical Advisor themselves or may simply report their findings to them. A list of required 
criteria for a consultant / specialist are given in NHBC Standards Appendix 4.1-D
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STAGE 5: HAZARD MITIGATION
VIBRATED
STONE
COLUMNS
Compacted stone columns 
are in stalled in the ground 
to limit differential ground 
movement and improve 
bearing capacity.
Localised stiffening of the 
ground with possible 
densification around 
columns, depending on 
ground conditions
Plant will require a suitable 
working platform
Typical use in shallow fill, 
targeting areas beneath proposed 
foundations (limited by cost)
Rapid process with almost 
immediate effect.
High quality aggregate is required 
for the stone columns 
No spoil is generated
BRE 
Information 
Paper IP 5/89 
BRE Reports 
BR 391, BR 
424 & BR 470 
CIRIA Rep. 
C572 & C573.
NHBC 
Specification 
Section 4.6
VIBRATED
CONCRETE
COLUMNS
Similar to vibrated stone 
columns, however 
applicable to weak soils. 
The concrete columns act 
as weak bearing piles to 
transfer load.
Plant will require a suitable 
working platform
Typical use in shallow fill, 
targeting areas beneath proposed 
foundations (limited by cost)
Rapid process with almost 
immediate effect.
No spoil is generated
BRE Report 
BR 465 
CIRIA Reports 
SP106& 
SP124 
NHBC 
Specification 
Section 4.6
VIBRO
COMPACTION
Granular soils can be 
densified through the use 
of a vibrating poker 
(inserted to depth), 
combined with water 
flushing.
Plant may require a suitable 
working platform
Limited to soils with fines content 
less than 20%
NHBC 
Specification 
Section 4.6 
CIRIA Rep. 
C573.
SOIL MIXING
Add mixture, often cement 
based, (liquid / slurry / 
powder) is physically 
blended and mixed with 
columns of soil to 
produced stiff reinforcing 
elements with in soft soil.
Plant may require a suitable 
working platform.
Storage and mixing plant required 
for add mixture
Treatment depth generally <2m 
Mixing process is rapid, but 
columns take time to reach full 
strength -  1 month to acceptable 
strength.
No spoil is generated
GROUTING
Grouting involves the 
injection of pumpable 
materials (may or may not 
be cementitious) into soil / 
rock formations to 
increase strength and 
stiffness, increase density, 
reduce permeability and 
infill voids.
Plant will require a suitable 
working platform.
Storage, batching and mixing 
plant required as well as drilling 
rig
Types of grouting include; 
compensation grouting, 
compaction grouting, je t grouting, 
infill grouting, permeation 
grouting.
Grouting process is rapid, but 
may take time to reach full 
strength
CIRIA Reports 
C514, C572 & 
C573
Y G P
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STAGE 5: HAZARD MITIGATION
EXCAVATION 
AND RE­
COMPACTION
W eak material is 
excavated and re-used as 
engineered fill (places in 
layers and compacted.
Depth of treatment limited by 
physical constraints on site and 
cost.
Quality control measures required 
to ensure proper compaction.
VERTICAL
DRAINS
Long thin drains installed 
vertically into less 
permeable material to 
accelerate the rate of 
consolidation under load.
Example types; sand drains, 
sandwicks and band drains.
Used for impermeable soft clays 
and often in combination with pre- 
loading techniques.
Timescale can be hard to predict.
CIRIA 
Report C573
EXCAVATION
AND
DISPOSAL
Can be used to remove 
weak or contaminated 
soils for disposal on or off 
site
Waste management regulations 
will restrict the options for 
disposal of material.
CIRIA Report 
SP105.
OPTION 2: ENHANCED FOUNDATION DESIGN
In some cases it may be beneficial to design foundations to compensate for poor ground 
conditions. The specific design of foundations will depend on site specific circumstances, as 
such a specialist /  consultant27 should be used to  design foundations.
The following table outlines some typical ground conditions and possible foundation solutions 
that may be applicable.
MEDIUM DENSE 
TO DENSE STRIP
GRANULAR LOOSE AND
VARIABLE
DENSITY
S T R IP /R A F T
Ground improvement may be 
used to increase density e.g. 
impact compaction / vibration 
techniques
Raft likely to be more tolerant
SOFT PILES /R A F T
Reinforced raft can be designed 
to tolerate differential 
settlement, but total settlement 
may still be an issue
CLAY
SOFT TO FIRM STR IP /TR E N C H  FILL
Strength and compressibility are 
key parameters to ensure stable 
foundations that meet 
acceptable settlement criteria
STIFF STRIP /TR EN C H  FILL
27 This may be the Geotechnical Advisor themselves or may simply report their findings to them. A list of required 
criteria for a consultant / specialist are given in NHBC Standards Appendix 4.1-D
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STAGE 5: HAZARD MITIGATION
■
g
KEY POINTS TO NOTE
CLAY
DESICCATED NHBC STANDARDS 4.2
Except where; 
foundations depth > 2.5m within 
the influence of trees; ground 
with a slope > 1 in 7
(approximately 8°) and man 
made slopes such as 
embankments and cuttings, 
underpinning. In these cases 
require a site specific 
assessment by an Engineer is 
required (Technical
Requirement R5). Engineer 
must consider practicalities of 
constructing deep trench 
foundations, in particular the 
risks and consequences of 
residual settlement. Pile 
foundations may offer a more 
practical alternative and offer 
limited settlement.
WEAK / 
WEATHERED STRIP
ROCK
MINING AREA/
SOLUTION
FEATURES
PILE / RAFT
PEAT PILE / RAFT
Care should be taken when 
founding on peat. Specific 
consideration needs to be given 
to residual settlements.
MADE GROUND PILE /G R O U N D  IMPROVEMENT
Made Ground is rarely 
appropriate as a founding 
material due to its variable 
nature as recommended in BS 
8004
Other likely associated hazards 
such as contamination will also 
need to be considered in 
foundation design.
For foundation design detailed guidance can be found in NHBC Specification 2006;
■ Section 4.3 for strip / trench foundations
■ Section 4.4 for Raft, pile, pier and beam foundations
W
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STAGE 5: HAZARD MITIGATION
CONTAMINATION
Contamination can affect a site through soil, water or gas (also see Figure 2). The mitigation of 
contaminated land starts with the Detailed Investigation and a contaminated land risk 
assessment. The mitigation of contamination will depend on site specific circumstances, as 
such a specialist/ consultant26 should be used to design mitigation measures.
CONTAMINATED LAND RISK ASSESSMENT
Risk from contaminated land is assessed through ‘source -  pathway -  receptor’ linkages, 
referred to as ‘pollutant linkages’. A conceptual model is used to identify the elements of the 
pollutant linkages that exist on the site; this would also include consideration of the surrounding 
area.
The elements required to make up a pollutant linkage are defined in detail in Part IIA of 
Environmental Protection Act (1990); the following is a simplification of those definitions.
Source: Hazardous substance in or beneath the 
ground that could cause harm to a receptor.
Pathway: The means by which a hazardous
substance or agent comes into contact with, or
otherwise affects, a receptor.
Receptor: Someone or something that is
vulnerable to the adverse effects of the hazardous
substance, present on the site. The groups of
receptors to be considered are defined in Part IIA.
PATHWAY
E.g. consumption of soil
SOURCE
.e. contaminant
RECEPTOR
E.g. human being
CONTAMINANT MITIGATION
Contamination risk is managed by breaking the pollutant linkage;
■ Reduce / remove / modify / destroy the source of contamination
■ Remove / protect the receptor
■ Preventing movement of contamination
When dealing with a source of contamination there are a number of remediation types that could 
be used, the detailed design;
■ Biological
■ Chemical
■ Physical
■ Solidification / stabilisation
■ Thermal
To mitigate against problems associated with soil gasses the design of the proposed 
development can be modified to prevent the build up of gas. The Building Regulations 2000, 
Approved Document C and BRE guidance: ‘Construction of new buildings on gas contaminated 
land’ (1991) should be used.
To mitigate against acid and sulphate attack on subsurface concrete refer to BRE Special Digest 
1:2005 ‘Concrete in Aggressive Ground’ to specify an appropriate grade of concrete.
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ASSESSMENT SUMMARY
GEOTECHNICAL ADVISOR APPOINTED? YES I NO
GEOTECHNICAL ADVISOR:______________
STAGE 1: INITIAL ASSESSMENT
DESK STUDY □
INITIAL ASSESSMENT REPORT YES / NO
STAGE 2: BASIC INVESTIGATION
SUITABLE PERSON APPOINTED? YES / NO
TRIAL PITS 
BOREHOLES
BASIC INVESTIGATION REPORT? YES I NO 
HAZARDS IDENTIFIED? YES I NO
STAGE 3: HAZARD SUMMARY (Page 12)
STAGE 4: DETAILED INVESTIGATION
DETAILED INVESTIGATION REPORT? YES/NO
Tick as appropriate { /  / ? / X)
Hazard investigated (Stage 4)? 
Hazard confirmed?
Has NHBC been notified?
Consultant / Specialist appointed?
Can hazard be avoided
(E.g. through layout/ phasing etc)?
Can hazard be reduced / removed? 
Can design be modified?
STAGE 5: MITIGATION SUMMARY (Page 21) DATE COMPLETED:
CONSULTATION:
Have ALL relevant statutory bodies been consulted (local planning authority, EA etc)? YES I NO
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DATE COMPLETED: ________
SITE WALKOVER SURVEY □
DATE COMPLETED:
CONTAMINATION TESTS 
GEOTECHNICAL TESTS
NHBC CONTACTED? Y E S / NO
DATE COMPLETED: ________
DATE COMPLETED:
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MITIGATION SUMMARY
See Figure 3 for summary of key issues that should have been considered during the 
assessment process.
When selecting mitigation measures the following questions should be considered;
■ Have investigations been sufficient to characterise the site?
■ Have commercial aspects of the development been considered?
o Can the layout of the development be altered to avoid the hazard? 
o Can the phased construction of the development be used as an advantage? 
o Can the ground levels be changed to improve drainage across the whole site?
DETAILED
HAZARD INVESTIGATION PROPOSED MITIGATION MEASURE28
COMPLETE
EG Soft made ground Report completed 10/1/2007 Ground improvement by compaction
28 Specialist / consultant should be consulted to select the most appropriate mitigation measure
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RELEVANT INFORMATION & REPORTING
Site Plans 1 Maps
Previous land uses y y
Current land use y y
Proposed land use ✓ y
Site Geology
Geological maps ✓ y
Previous investigations y y
Laboratory test results y y
Photographs 
(with interpretation)
Aerial photos (historical) ✓ y
Aerial (current) ✓ y
Site photographs (historic) ✓ y
Site photographs (current) y y
Desk Study Reports Previous investigations
y
Current investigations y y
Site Investigation 
Reports
Factual / Interpretive 
(previous investigations)
y y
Factual / Interpretive 
(current investigations)
V y
Risk Assessments 
(previous land use)
Foundation ^30 ✓31
Flood \ C
O o ✓ 31
Contamination V^O ✓31
Remediation ^30 ✓31
Risk Assessments 
(proposed land use)
Foundation ✓ 31
Flood ✓31
Contamination ✓31
Remediation ✓ 31
Previous land use Technical drawings ^30 ✓ 31
Statutory Services Location plans
y ✓  31
Condition y ✓ 31
Reports Land Mark
y
Envirotech y
Consultations
Planning authorities y
Environment Agency ✓31
Coal Authority ✓31
Others ✓ 31
29 Desk study should identify whether this information is relevant to the site and whether it is available
30 Desk study should identify whether this information is relevant to the site and whether it is available
31 Required if relevant to site specific hazards identified in initial assessment or basic investigation
AGS Guidelines
For Good Practice in Site Investigation (2006)
For Combined Geo-environmental and Geotechnical Investigation
AGS NOTES
Construction (Design and Management) Regulations (1994): Client Obligations in 
Ground Investigation Contracts (2003)
A Client’s Guide To Site Investigation (2004)
Management of Risk Associated with the Preparation of Ground Reports Guidelines for 
the Preparation of the Ground Report (2004)
BRE Guide: Brownfield sites an integrated ground engi neering strategy (2005)
BRE Information Papers
IP16/86 Pre loading of uncompacted fills
IP5/89 The use of 'vibro' ground improvement techniques in the United Kingdom
BRE Reports:
BR 391 Specifying vibro stone columns
BR 424 Building on fill: geotechnical aspects
BR 447 Brownfield sites: ground-related risks for buildings
BR 458 Specifying dynamic compaction
BR 465 Cover systems for land regeneration
BR 470 Working platforms for tracked plant
British Geological Survey (BGS): http://www.bqs.ac.uk/
British Standards:
BS5930:1999 Code o f Practice for Site Investigations 
BS8004 Code of Practice for Foundations
CIRIA Reports
Report C573: A Guide to Ground Treatment (2002)
Report C572: Treated ground - engi neering properties and performance (2002)
Report C514: Grouting for Ground Engineering (2000)
Report C578: Brownfields -  managing the development of previously developed land A 
Clients Guide (2002)
CIRIA Special Papers
SP 105 Remedial treatment for contaminated land. Vol V: Excavation and disposal 
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Abstract
This report covers the period from 13th September 2004 to 31s' March 2005. During this initial 
7-month period three main types of activity have been undertaken: modules, literature review 
and research projects. This report describes each of these activities in some detail. The 
main portion of the work completed this period has been an investigative literature review, 
primarily focused on the legislative and commercial position of the contaminated land and 
related waste industries. It has become apparent that changes in legislation are pivotal to 
any developments in industry and indeed research, specifically in the area of contaminated 
land and waste management. The research projects that have been embarked upon this 
period have been concerned with two areas. Firstly, the use of GIS analysis of typical site 
investigation data to estimate volumes of contaminated soil. Secondly, the dissemination of 
knowledge in a medium sized civil engineering consultancy has been viewed with specific 
reference to the sponsoring company; Tony Gee and Partners (TGP). For the coming six 
months the areas that have been identified for further research are: alternatives to landfill, risk 
assessment methodologies, numerically modelling methods for subsurface structures, site 
investigation design and assessment of remediation techniques used out side of the UK.
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1.0 Introduction
This report covers the period 13lh September 2004 to 31s1 March 2005, and includes the 
background to the research project, an initial literature review and specific research areas 
that have been identified
1.1 The research project
The research project has been developed with the sponsor company, Tony Gee and Partners 
(TGP), to provide the opportunity for market expansion for themselves and progression of 
knowledge in the fields of contaminated land and waste management. The full title for this 
project is;
“Regenerating the brownfield: the development of methods and procedures for remediating 
previously used sites."
The development of the project description for this research has been influenced by several 
factors.
Researcher interest -  the personal interests of the Research Engineer, who possesses a 
background in civil engineering, was a significant factor in the initial proposal. The decision to 
focus on geotechnical engineering was based on the experiences of the researcher both 
within the sponsoring company and through previous industrial training.
Industry demands -  several potential research areas were considered based on current 
developments within industry: flood defence, effects of climate change on design and 
brownfield remediation. The current legislation and government policy have encouraged 
increased activity in each of these areas, and so increased business potential.
Company Needs -  TGP is a growing civil engineering consultancy whose Geotechnical 
department offers services to a range of clients. However, in terms of brownfield 
regeneration, limited Environmental work is completed in house. As the industry changes 
and brownfield sites are used more frequently in developments, there is a clear need for TGP 
to develop the in house expertise to maintain its competitive edge in the market place.
The project description forms the framework for the research to be undertaken (see Appendix 
A for a full copy). The following are areas specifically highlighted in the brief for research, 
each of these focus areas need to be considered within the context of UK legislation.
• Design methods for sites with chemical contamination, biological contamination and 
physical hazards.
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• Developing ways in which waste volumes that arise in the construction process can be 
reduced through design stage modifications.
• Design for sites with underground hazards (including voids).
• Remediation techniques available in, and applicable to the UK.
• The design process from classification of waste (chemical and biological contaminants 
and geotechnical properties) through to selection of treatment methods.
• Use of treated waste in design
• Evaluation of the role of advanced numerical modelling and other geotechnical tools 
(e.g. geomatics).
In general terms the above specific areas can be grouped into two interrelated topics for 
research.
• Contaminated Land and Remediation
• Waste Management.
The final focus point raised in the project brief (the evaluation of the role of advanced 
numerical modelling) could be applied to either area of research. The literature review 
contained in Section 2 reflects this split and details the legislation and technical information 
gathered relating to both of these areas.
1.2 Tony Gee and Partners (TGP)
“Tony Gee and Partners provide specialist technical services to the worldwide construction 
industry. Commissions include feasibility studies, designs, scheme construction methodology 
and expert reports." (www.taD.co.ukL The company has recently undergone a management 
change through which, seven technical departments have been defined:
• Structures
• Rail
• Highways
• Geotechnics
• Environmental
Natalie Cropp
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• Marine
• Advanced Engineering.
The business related aim of this project for the sponsoring company, TGP, is to increase the 
technical capabilities of the Geotechnical group and to enable the company to grow into the 
Environmental business sector. The focus of this research will be at the design stage of 
brownfield projects, and the end product of the research will be in the form of methods and 
procedures to be used for the redevelopment of brownfield sites (as stated in the project title).
This research project offers potential for TGP to develop a new business area, and 
subsequently increase profits through the new business. To maintain continued growth any 
company needs to be able to adapt and change in accordance with variations in the market 
place. By keeping abreast of industry developments TGP hope to secure their own future in 
the market place. Brownfield development is an increasingly significant topic that is at the 
centre of UK and EU land use policy. The most prominent government target that has been 
set is for 60% of the 1.1 million new homes required by 2016, to be built on brownfield land 
[Defra, 2005]. By ensuring they have expertise in this field TGP can respond positively to 
government influenced market demands. Some of the main advantages to the company from 
this project are outlined below.
• Work that would previously have been sub-contracted out to environmental specialists 
can be completed in-house, thus retaining profits for TGP.
• The breadth of expertise in the existing Geotechnical and Environmental group will be 
strengthened, enabling TGP to offer a broader range of services to clients.
• The EngD scheme offers a relatively low investment option for researching an area 
and gaining a market edge.
• The EngD can be used as a marketing tool and proof of expertise in future tenders.
Over this initial period TGP have been able to take advantage of the increased knowledge 
arising from this research and apply it to current design contracts. The experience gained 
through this work has not been detailed in this report, however has contributed to the 
knowledge base on which this research is founded.
1.3 Modules
The initial seven months of this EngD have included six weeks of compulsory modules 
covering a range of subjects, the majority of which have introduced general research and 
environmental topics. In addition to these modules a short course in Environmental
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Geotechnics has also been attended at the University of Surrey to improve the foundation of 
knowledge for this project.
The six compulsory EngD modules undertaken were:
• Induction week
• Research methods
• Environmental science and society
• Sustainable development
• Life Cycle Assessment
• Risk Assessment.
The first two modules were aimed to introduce the programme and cover basic research 
skills. Social research skills were included in the research methods module and have been 
used to gather industrial opinions of relevant organisations working in the contaminated land 
and waste sectors. The Environmental Science and Society, Sustainable Development and 
Life Cycle Analysis modules have contributed to a well-rounded base of knowledge on 
environmental issues. The most recent module, Risk Assessment, has raised specific issues 
that are directly related to current practice in the assessment of contaminated land. These 
are discussed in more detail in Section 2 of this report (Section 2.1.2).
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2.0 Literature Review
The literature review undertaken this period has been predominantly focused on the current 
legislative framework for contaminated land and waste management in the UK. Legislation is 
a significant driver for change and needs to be understood to direct the research project and 
to ensure that the outcome will be useful in the commercial environment. Following on from 
this, key focus areas selected from the project brief have been investigated further. It should 
be noted that this literature review is not exhaustive and will be revisited and updated with 
current information over the course of the research.
The literature review has been conducted with the following goal in mind; to produce useful 
methods and procedures for the regeneration of brownfield land. To do this within an 
industrial context requires a full understanding of both the legislative framework and current 
best practice within the industry is essential. It is on this basis that the literature review has 
been carried out. To fully appreciate the current position in the UK several resources have 
been used to collate the most up to date and relevant information. The main producers of 
such information are:
• Government -  UK and EU
• Regulatory bodies
• Commercial companies
• Research organisations
• Academics.
The above sources of information have been investigated through a range of methods 
including the web; journals publications; interviews; attendance of conferences and 
publication searches.
Brownfield land offers a potential solution to the struggle between the need to develop and 
expand urban living, and the desire to protect the environment and Greenfield land. The 
government target for 60% of new homes to be built on brownfield sites reinforces the view 
that these pieces of land are a valuable resource. There is debate as to whether or not the 
development of housing on brownfield land is preferable to Greenfield sites, and more 
broadly the best method to house a growing population (Pacione, 2004). Nevertheless there 
is a continuous need to develop on land, and there is a finite amount of land to develop on. 
Brownfield sites may offer a solution, in part at least.
Natalie Cropp
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2.1 Contaminated Land & Remediation
This section of the literature review addresses the following specific research areas identified 
in the brief (discussed in Section 1):
• Design for sites with chemical contamination, biological contamination and physical 
hazards.
• Remediation techniques available in, and applicable to the UK.
To be able to effectively research within these areas it is essential to understand the 
legislative context in which design and remediation is carried out in the UK. Legislation is a 
key driver for any change in industry, as companies must constantly comply with the law. As 
legislation changes so must their practices. In this section the key legislation is discussed 
along with a review of current best practice.
It should be noted that the issues that have been considered in this research have been 
centred around the development of contaminated sites, as opposed to the protection of soils 
from future contamination, this is covered by other legislation such as Pollution Prevention 
and Control (PPC) and Integrated Pollution Control (IPC) regimes.
Before any meaningful discussion of legislation or current practice can be complete there is a 
need to understand some key terms. Definitions of land types can be found in Section 7.0: 
Glossary
Remediation -  7s the removal of pollution or contaminants from land (including sediments in 
waterways) for the general protection of the environment or, quite commonly, from a 
brownfield site so that it can be reused.” (Answers.com, 2005).
Risk Assessment -  Risk is defined, in British Standards, as “combination of the probability 
of an event and its consequence" (PD ISO/I EC Guide 73, 2002). Specifically relating to 
contaminated land; for risk to occur the following must be true:
A source of contamination must be present, at a level that is potentially hazardous to human 
health or the wider environment, in addition to a receptor that can be affected by the source 
of contamination and finally a pathway linking the source and receptor.
In essence the ‘event’ is the combination of these three elements (see Figure 1 below). This 
‘source -  pathway -  receptor’ philosophy underpins all contaminated land risk assessment 
within the current legislation and best practice. A more detailed explanation of this is covered 
later in this section (see Section 2.1.3).
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RISK WHEN ALL ELEMENTS ARE LINKED
PATHWAY
SOURCE
Contaminant e.g. 
arsenic
e.g. consumption of soil RECEPTOR
e.g. human being
Figure 1: Source - Pathway - Receptor Model used in contaminated land risk assessment
The three key elements required to cause ‘risk’ in contaminated land assessment are defined 
as (EA. 2003)
Contaminant or ‘‘Source The hazardous substance/agent or activity/process that releases 
that substance.
Pathway The means by which a hazardous substance or agent comes into contact with, or 
otherwise affects a receptor.
Receptor The entity (human, animal, water, vegetation, building services etc.) that is 
vulnerable to the adverse effects of the hazardous substance or agent. May also be called 
the “target”. “
2.1.1 UK Legislation
There is an abundance of legislation in the UK that relates to contaminated land and 
remediation. A significant number of developments in UK legislation have come to pass over 
the last 5 to 10 years. This section of the literature review is concerned with the key pieces of 
legislation that are applicable to contaminated land in the UK. A discussion of he current 
state of the art in this field has also been included.
ICRCL Guidelines
The issues surrounding development of contaminated land have been considered by UK 
government for some time. The Interdepartmental Committee for the Redevelopment of 
Contaminated Land (ICRCL) was set up in 1976 to look at the issue of contaminated land in 
the UK and to produce guidance on how to deal with it. The committee produced a number 
of documents on contaminants associated with specific industries and also more generic 
guidance for assessing levels of contamination. The key document produced for the 
assessment of a site was ‘The assessment and redevelopment of contaminated land’
Natalie Cropp
11
April 2005
UniS
Progress Report 1
Sept 2004 - April 2005
(ICRCL, 1983), which outlined ‘trigger’ concentration levels in an attempt to define when 
remedial action was required. The document outlined two specific ‘trigger’ concentration 
levels for a range of organic and inorganic contaminants, to be applied to different expected 
land uses (see Figure 2 below). Between these concentration levels the ICRCL (1983) 
report called for the ‘use of professional judgement to decide what action, if any, would be 
appropriate.
These concentration levels were defined as:
• Threshold value: below which the soil is considered not to be contaminated
• Action value: above which there is assumed to be unacceptable risk to human health 
and action must be taken.
These trigger levels were used for some time as generic levels for contaminants. However 
as the understanding of risk from contamination was advanced and new legislation was 
introduced, the ICRCL guidance was superseded by more risk-based methodologies.
In the Department for Environment Food & Rural Affairs (Defra) statement withdrawing the 
ICRCL guidelines (Defra, 2002a) it was noted that the approach had been useful as a guide 
for remediation requirements for some time, however was no longer applicable under the 
contaminate land regime that came into effect in April 2000. The alternative developed by 
Defra and the Environment Agency (EA) focuses more on a site-specific risk based approach 
to dealing with contaminated land, and takes the form of Soil Guideline Values (SGV’s). The 
development and application of SGV’s is described in detail later in this Section (see Section 
2.1.2)
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Importance ofi rts
hazard
RISK UNACCEPTABLE 
TREAT AS CONTAMINATED
Risk Is no greater ?han is 
rwmalhr accepted 
’ TREAT AS UNCOttTAMINATED-
NO ACTION REQUtREO
Significance of risk 
depends on intended use 
and form of development.
USE PROFESSIONAL 
JUDGEMENT TO DECIDE 
WHETHER ACTION IS 
NEEDED.
Concentration of 
contaminants in soil
THRESHOLD
VALUE
ACTION
REQUIRED
ACTION
VALUE
Figure 2: Schematic of ICRCL Trigger levels (ICRCL, 1983)
Current Legislative Regime
There are two key elements to the current legislative regime: Part IIA of the Environmental 
Protection Act (1990), concerned with the current use of a site and Town and County 
Planning, which is concerned with future proposed uses for the site. Other regulations 
associated with these have been noted where appropriate.
Environmental Protection Act (1990) Part IIA
The contaminated land regime implemented through Part IIA of the Environmental Protection 
Act (1990) was introduced in England on 1st April 2000 (DETR, 2000b). Similar regulations 
have subsequently introduced in Scotland (14th July 2000) and Wales (1 July 2001). These 
alternatives do not vary significantly from the English legislation, and for this reason the 
following discussion is focused on the regulations for England; referred to as Part IIA.
The regime clearly defines contaminated land and looks to apportion responsibility for the 
remediation of this land. It is only focused on the current use of a site, but does still serve as 
useful guidance to planning regulators when considering proposed future uses of a site. The
Natalie Cropp
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definition of contaminated land uses a risk based approach for assessment and remediation 
of a site.
The definition of contaminated land in Part IIA is as follows:
"any land which appears to the local authority in whose area it is situated to be in such a 
condition, by reason of substances in, on, or under the land, that:
(a) significant harm is being caused or there is a significant possibility of such harm being
(b) pollution of controlled waters is being, or is likely to be, caused. ” (DETR, 2000b)
The most significant questions born out of this definition are:
1. What is the method by which a site is assessed for contaminated status?
2. What is ‘significant harm’ and ‘significant possibility’?
3. Where is the responsibility attributed for regulating and implementing 
remediation if a site is deemed contaminated?
Each of these questions will be addressed in turn in this Section of the report.
caused; or
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1. What is the method by which a site is assessed for contaminated status?
Contaminated land assessment is based on risk assessment of the site. The Secretary of 
State for the Environment, Transport and the Regions has issued a circular which explains 
the new regime and outlines the way in which it is to work (DETR, 2000a). The above 
definition is stated and is said to be “based upon the principles of risk assessment’. The 
initial part of the circular offers basic definitions of terms to be used with the guidance. Risk, 
in this case, is specifically defined as “a combination of.
(a) the probability or frequency, of occurrence of a defined hazard (for example exposure to 
a property of a substance with the potential to cause harm); and
(b) the magnitude (including seriousness) of the consequences” (DETR, 2000a)
This definition of risk is not new, and aligns with the definition given in British Standards (PD 
ISO/IEC Guide 73, 2002). Within the context of contaminated land, Part IIA defines the 
concept of a source -  pathway -  receptor model (referred to as the contaminant -  pathway -  
receptor concept in the DETR guidance) as the basis for risk assessment. These three 
elements are defined within the guidance as follows (DETR 2000a):
• Contaminant: “a substance, which is in, or under the land and which has the 
potential to cause harm or to cause pollution of controlled waters”
• Receptor is either “living organisms, an ecological system or a piece of property, 
which is being or could be harmed by a contaminant, OR controlled waters which 
are being or could be polluted by a contaminant'. A selected list of specific 
receptors is also given.
• Pathway: “one or more routes or means by, or through which a receptor;
The combination of these elements is used to establish whether or not a site is contaminated 
under the Part IIA definition. The process has been broken down into two steps in the DETR 
guidance. Firstly to establish whether or not all three elements exist on a site (contaminant, 
pathway and receptor). Secondly, the local authority must be satisfied that there is a 
‘pollutant linkage’ on the site, and that the pollutant linkage is currently causing, or is likely to 
cause significant harm. (A ‘pollutant linkage’ is simply the relationship between contaminant 
pathway and receptor.) This connection must be made for specific contaminants for there to 
be potential for harm.
a) is being exposed to or affected by a contaminant,
b) could be exposed to or affected”.
Natalie Cropp
15
April 2005
UniS
Progress Report 1
Sept 2004 - April 2005
Consider a site currently used for residential use contaminated with heavy metals. The 
source of contamination has been established (i.e. heavy metals). An example of a receptor 
could be a child living on the site. A possible pathway for the contaminant to reach the 
receptor could be through direct ingestion of the soil. A risk is only present if the child has 
access to the soil and consequently through this pathway consumes a dose which is 
sufficient to cause significant harm. (See Figure 3 for graphical representation).
“ RISK” WHEN ALL ELEMENTS 
ARE LINKED
PATHWAY
SOURCE CONSUMPTION OF SOIL RECEPTOR
HEAVY METAL 1 CHILD
“CONTAMINATED LAND” IF SIGNIFICANT 
HARM COULD COME TO THE CHILD
Figure 3: Graphical representation of the source-pathway-receptor concept
2. What is ‘significant harm’?
The definition of harm supplied in the Section 78A(4) of Part IIA defines it as: “harm to the 
health of living organisms or other interference with the ecological systems of which they form 
part." (DETR, 2000b), it is noted that in the case of humans interference with ecological 
systems is taken to include damage to property. With this definition in mind, significant harm 
has been defined for a set of four specific receptors; this is outlined in Table A of the DETR 
Circular (See Appendix B for a full copy of the table). Table 1 below surmises some of the 
situations for significant harm for the receptors identified in the DETR Circular. Each receptor 
has a specific definition where appropriate this has been summarised in the table below.
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Receptor Significant Harm
1 Human Beings Human health effect
Death, disease, serious injury, genetic mutation, birth 
defects or the impairment of reproductive functions.
2 Any ecological system, 
or living organism 
(defined for 8 protected 
locations -  e.g. site of 
special scientific interest, 
SSSI)
Ecological system effect 
For any protected location;
Harm which results in an irreversible change, or in 
some other substantial change, in the functioning of the 
ecological system within any substantial part of threat 
location
OR
Harm which affects any species of special interest in 
that location, and which endangers the long-term 
maintenance of the population of that species at that 
location
3 Property in the form of 
living organisms 
(principally livestock and 
crops)
Animal or crop effect
Substantial loss of crops or animals is essentially only 
considered when a significant proportion have died or 
are no longer ‘fit for their intended purpose’
4 Property in the form of 
buildings (as defined in 
the guidance)
Building effect
Structural failure, substantial damage or substantial 
interference with any right of occupation.
Table 1: Summary of key points from Table A: Categories of Significant Harm (DETR. 2000a)
Some of the key points related to the term ‘significant harm’ are outlined in Table 1 and 
should be applied to the current use of a site. (This includes temporary uses, uses or 
developments that may occur without planning permission and recreational uses). However, 
the definition of contaminated land also extends to the potential for harm: “significant
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possibility of significant harrri' (DETR, 2000b) and this is defined in the DETR circular for 
each of the 4 health effects. For the purpose of this definition human health effects have 
been separated into two parts: direct exposure and other effects, due to explosion or fire for 
example). Appendix C contains a complete reproduction of the DETR Table B which defines 
“significant possibility of significant harrri' (DETR, 2000b). Table 2 below surmises some of 
the key points from the definition of significant possibility of significant harm.
Significant harm (as 
defined in table 1)
Significant Possibility of Significant Harm
1 Human health effects 
arising from intake of 
contaminant or other 
direct contact
Intake or exposure is to be assessed by considering the 
level of intake of the contaminant (dose), the 
toxicological properties of the contaminant (and 
consequently its human health effects) and the time 
frame for exposure.
2 All other human health 
effects
The assessment should take into account the 
probability, or frequency, of occurrence of significant 
harm. Furthermore similar historical events should also 
be considered.
3 All ecological system 
effects
If significant harm is ‘more likely then not’ to result from 
the pollutant linkage, or if the there is reasonable 
possibility of significant harm to occur and the 
consequences are ‘beyond any practicable possibility of 
restoration’.
4 All animal and crop 
effects
If significant harm is ‘more likely then not’ to result from 
the pollutant linkage
5 All building effects If significant harm is ‘more likely then not’ to result from 
the pollutant linkage, during the expected economic life 
of the structure.
Table 2: Summary of key points from Table B: Significant Possibility of Significant Harm (DETR. 
2 0 0 0 a)
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3. Where is the responsibility for regulating and implementing remediation if a site is 
deemed contaminated attributed?
The onus is on the Local Authority (LA) to identify the sites in their district that fall under the 
definition of contaminated land. However, there are some sites such as those located within 
nuclear installations that are not part of the LA responsibility; instead it is passed to the 
Environment Agency (EA). These ‘special sites’ are defined within the Contaminated Land 
Regulations (2000) (DoE, 2000).
The EA have produced their own guidance relating to the implementation of Part IIA (EA, 
2002), which includes a summary of the key responsibilities held by both LA’s and EA. Table 
3 below is a direct replication of this information.
Key responsibilities under Part IIA EPA1990
Environment Agency Local authorities
Provide relevant information held by the 
Agency to local authorities
Provide advice to local authorities on 
identifying and dealing with pollution of 
controlled waters
Provide advice to local authorities on the 
remediation of contaminated land
Ensure remediation of ‘Special’ Sites
Prepare a national report on the state of 
contaminated land
Maintain a public register of regulatory 
action for Special Sites
Prepare and publish an inspection strategy
Inspect their areas to identify contaminated 
land
Consult the Agency on pollution of 
controlled waters
Ensure remediation of land identified as 
contaminated land
Transfer ‘Special’ Sites to the Agency
Maintain a public register of regulatory 
action.
Table 3: Key responsibilities under Part IIA (EA, 2002)
From this overview of Part IIA of the Environmental Protection Act (1990) and associated 
contaminated land regulations, it can be seen that there is a government imposed emphasis 
on risk assessment in preference to generic target based assessment of contaminated land. 
The regulations focus on the current use of a site, and do not specifically consider planned 
developments. However, the fundamental concepts identified in Part IIA form a basis for 
planning requirements in the UK.
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The key areas in the assessment of whether or not a site is contaminated under Part IIA have 
been highlighted. This begs the question what happens if the land is defined as 
contaminated? There is then a statutory requirement for the regulator to ensure that the site 
is remediated. The regulator is principally the LA except in the case of ‘special sites’ when it 
becomes the EA. The regulator must find the responsible person for cleaning up the site - 
this is generally based on the “polluter pays” principal - the individuals that caused the 
contamination should pay to remediate it. The remediation process is described in Section 
2.1.3.
Town and County Planning
To make any significant changes to a site, as in those associated with most redevelopment 
projects, permission must be sought from the planning authority. Part of that planning 
application must consider any contamination on a site. The regulation that applies to this 
area falls under the Town and County Planning Act (ODPM, 1990). Details of the regulations 
for contaminated sites are contained in Annex 2 of Planning Policy Statement 23 (PPS 23) 
(ODPM, 2004a). The basic concepts outlined in Part IIA (as described above) are used to 
complete the assessment of the risks associated with contamination on these sites: pollutant 
linkage of source, pathway and receptor is required for risk to be present. The definition of 
contaminated land given in Part IIA is specifically related to land that, given existing site use, 
currently poses a risk, or is likely to. As the planning regulations are concerned with changes 
in the use of land and to reduce confusion of terms, the sites are referred to “land affected by 
contamination’, which includes sites defined as contaminated land as defined under Part IIA.
PPS 23 essentially covers the requirements for a planning application and outlines the roles 
of the different interest parties: owner/developer, Local Authority (LA) and Regional Planning 
Bodies and the Environment Agency (EA).
The owner/developer is responsible for, “ensuring that the development is safe and suitable 
for use for the purpose for which it is intended', which includes an assessment of the current 
status of the site, whether the proposed use will complete any pollutant linkages, and what 
action is required to break those linkages. The suitable for use approach considers the 
balance between the resources required to develop a site and the purpose for which it is to 
be used. It should also be noted that this approach is not restricted to the protection of 
human health but also the wider environment. (Defra, 2004a).
The applicant is required to supply information outlining the risks associated with any 
contamination on the site, and should include in this the pathways created during 
“development activities, such as piling, drain laying and trenches for services". (ODPM, 
2004a). A phased approach, as recommended in Defra/EA “Model procedures for the 
management of contamination” (CLR11), is commented on in the regulations. This guidance 
is discussed later in Section 2.1.2 of this report.
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In essence the procedures laid out in Part IIA for the assessment of contaminated land are 
applicable to the planning process. The main difference is in the inclusion of additional 
pollutant linkages associated with the new development and associated construction 
activities.
The planning regime does not act independently of all other regulation, and as such has 
overlap and interaction with other pieces of legislation. Some of the key interfaces are as 
follows:
• Waste management system -  planning permission is a prerequisite to a site waste 
management licence (details of which are outlined in Section 2.2). It should be noted 
that exemptions of waste management licences could be applied to redevelopment 
plans. (Defra, 2004a).
• Part IIA -  It is the governments preference that land be remediated through the 
planning regime, rather then under Part IIA. The planning regime considers more 
then just the protection of human health and encompasses the wider environment. It 
is also further reaching in terms of land use as it not only considers the protection of 
the current users but also the end users of the development and receptors exposed 
during development activities. (Defra, 2004a).
• Environment Agencies (EA) role -  In the main the EA will provide advise and 
guidance on matters in the planning application that relate to controlled waters. In the 
case of a designated ‘special site’ under Part IIA, the EA becomes the enforcing body 
and becomes responsible for the clean up of the site. (Defra, 2004a).
• Health and Safety -  The Health and Safety Executive have recognised the health 
and safety issues surrounding the development of contaminated land and have issued 
a document to target them: “Protection of workers and general public during the 
development of contaminated land” (HSE, 1991). In complying with planning 
permission, protection of receptors during the development activities must be dealt 
with, this HSE document aids in this. Other key legislation in this regard includes 
(Note that this list is not exhaustive and other items of legislation may still apply 
(Defra, 2004a)).
o Management of Health and Safety at Work Regulations (1999)
o Control of Substances Hazardous to Health Regulations 2002 (COSHH)
o Construction (Design and Management) Regulations 1994 (CDM)
o Construction (Health Safety and Welfare) Regulations 1996
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o Personal Protective Equipment at Work Regulations 1992 (PPE).
• Building control -  this needs to be complied with for any development, and can 
include protection of soil and groundwater. Furthermore consideration must be given 
to the protection of building materials in the ground that may be exposed to corrosive 
contaminants (Defra, 2004a).
Water Resource Protection
The definition of contaminated land as outlined in Part IIA, includes protection of controlled 
waters. It should be noted at this point there are significant differences between the 
regulations protecting controlled wasters in Scotland compared to England and Wales. The 
focus of this report is England, and so the differences have not been outlined.
The definition of controlled waters is given in the Water Resources Act 1991 and includes 
(ODPM, 1991):
• territorial waters... which extend seawards for three miles...
• coastal waters
• inland freshwaters (any inland water above the freshwater limit)
• ground waters (any waters contained in underground strata).
This definition of ‘ground waters’ under the Water Resources Act (any waters in underground 
strata), differs from the definition under the Groundwater Directive (80/68/EEC) which is 
limited to water in the saturated zone. For the purposes of Part IIA, the Environment Agency 
currently considers ‘ground waters’ to be water in the saturated zone only, i.e. groundwater, 
rather than water in the unsaturated zone. (EA, 2002).
Pollution of controlled waters is defined in Part IIA as “the entry into controlled waters of any 
poisonous, noxious or polluting matter or any solid waste matter1' (DETR, 2000b). Further 
statutory guidance as to how this can be applied has been given by the DETR (DETR, 
2000a).
Groundwater is protected under the Groundwater Regulations 1998, whereby it is an offence 
to discharge substances listed in the regulations (List I or List II) directly into groundwater. 
The disposal of these substances is highly regulated. It should be noted that any activity, 
which requires a waste management licence, is exempt from these regulations on the basis 
that the issues are address in the licence itself. However the converse is not true, if an 
activity is exempt of a waste management licence it is not automatically exempt from 
groundwater regulations.
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SUMMARY
The current legislation applicable to contaminated land has moved towards a risk-based 
approach for assessing harm to humans and controlled waters. With this in mind the two key 
regimes are:
• Part IIA -  concerned with the current use of a site and the harm that is or may be
caused to human health or controlled waters. Power is given to the Local Authority
and the EA (for special sites) to enforce the regulations and ensure that ‘contaminated 
land’ is cleaned up. Much of this document is concerned with the legal definition of 
terms; contaminated land’, ‘significant harm’, ‘significant possibility of significant harm’, 
all of which are essential for the practical application of this legislation.
• Town and County Planning -  concerned with the development of a site, and as such
considers the current use, development activities and the future proposed use for the
There are many interactions and overlaps between these two elements as well as other 
legislation. Defra have issued guidance in this subject with the aim of clarifying which 
legislation is applicable to which situations. Appendix D contains Table 1 from this guidance 
document, which outlines the practical application of these regulations and how they interact 
(Defra, 2004a).
It was noted by Rivett et al. (2002) that prior to the implementation of Part IIA (in 2002) 
industry was wary of the implications it was going to have. In the preceding years there had 
been a noted increase in the remediation of land, Rivett et al. (2002) believed that this was 
directly associated with Part IIA and that it was the case that land owners were remediating 
sites to avoid the label of ‘contaminated land’ that could be assigned to the site through Part 
IIA. In the current situation the government would prefer to see land developed rather then 
remediated through an order.
The preference for development over enforced remediation allows for the cost to be offset by 
the financial gains that can be made from the new development, clearly a step in the right 
direction to achieving brownfield redevelopment targets. It can, however, be argued that the 
government have implemented a regime that sends a mixed message to industry. On the 
one hand there are targets to develop brownfield land, advocated in the sustainable 
development statement made by government (Defra, 2005). On the other hand the limits on 
development are increasing year on year; Part IIA and Landfill Directive for example. There 
is a balance to be struck and, during this period of change, it is difficult to make a judgement 
as to whether the government has got it right. What is clear s that efforts have been made to 
protect the environment from future harm, whilst at the same time dealing with the legacy of 
contaminated land born from our industrial past.
site.
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2.1.2 Current state of the art -  Contaminated Land
Industry best practice guidelines are developed to support the legislation produced by the 
government. Where legislation contains phrases such as “suitable for use” (DETR, 2000b), 
when considering planning permission for a site affected by contamination for example, 
further guidance is required to quantify exactly what level of contamination would be 
acceptable within this concept. Government departments and advisory organisations such as 
the Environment Agency (EA) have produced technical guidance to support contaminated 
land legislation. Furthermore, organisations such as the Construction Industry Research and 
Information Association (CIRIA) have produced guidance and advise for best practice in 
industry. In the area of contaminated land there is a wealth of information that has been 
produced, not exclusively by the aforementioned groups, on the best practice for assessment 
of a site affected by contamination and design of remediation strategies. This section of the 
report outlines some of the key guidance and state of the art practices used in assessing land 
affected by contamination.
Background
Prior to the new risk based contaminated land regime, the government had issued specific 
trigger levels to be used in the assessment of contaminated land: ICRCL trigger levels 
(ICRCL, 1983). These have been described in some detail above. Essentially these 
consisted of two soil concentration levels for a list of contaminants and acted as guidance to 
when remedial action was required. The main restriction was in the limited account taken of 
the different site conditions, land users and allowance to varied pollutant linkages. In 
research conducted by Rivett et al. (2002) an assessment was made of trends in remediation 
of contaminated land I the period 1996 to 1999, the survey highlighted several trends in 
contaminants present on the site, the main driver appeared to be organic contaminants, 
however there was evidence that the industry simply relied on the ICRCL limiting values and 
as such only tested for those named on the list. The opposing method would be a more risk- 
based approach based on the previous uses of the site (Petts et al., 1997; Petts & Butler, 
1999). This varied approach indicates that better guidance and regulation was required.
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R e p o rt D e s c r ip t io n
CLR 7
Assessment of Risks to Human Health from Land Contamination: An Overview 
of the Development of Soil Guideline Values and Related Research.
CLR 7 serves as an introduction to the other reports in this series. It sets out the 
legal framework, the development and use of Soil Guideline Values; and 
references to related research.
CLR 8
Priority Contaminants for the Assessment of Land:
This identifies priority contaminants (or families of contaminants), selected on the 
basis that they are likely to be present on many current or former sites affected 
by industrial or waste management activity in the United Kingdom in sufficient 
concentrations to cause harm; and that they pose a risk, either to human health, 
buildings, water resources or ecosystems. It also indicates which contaminants 
are likely to be associated with particular industries.
CLR 9
Contaminants in Soil: Collation of Toxicological Data and Intake Values for 
Humans.
This report sets out the approach to the selection of tolerable daily intakes and 
Index Doses for contaminants to support the derivation of Soil Guideline Values.
CLR TOX These reports detail the derivation of tolerable daily intakes and Index Doses for a range of contaminants
CLR 10
The Contaminated Land Exposure Assessment Model (CLEA): Technical Basis 
and Algorithms
Describes the conceptual exposure models for each standard land-use that are 
used to derive the Soil Guideline Values. It sets out the technical basis for 
modeling exposure and provides a comprehensive reference to all default 
parameters and algorithms used.
CLR GV These reports set out the derivation of the Soil Guideline Values for the a range of contaminants
Table 4: Assessment of risk to human health from land contamination. Key reports from Defra and the 
Environment Agency (Defra, 2002e)
The new statutory regime was initially introduced in 2000 with Part IIA of the Environmental 
Protection Act (1990) (DETR, 2000b) and the Contaminated Land (England) Regulations 
(ODPM, 2000b). During the following two years the implementation of the new regime was 
progressed alongside the phasing out of previous guidance; ICRCL ‘trigger values’. When 
these values were officially withdrawn in 2002 (Defra, 2002a) the replacement guidance was 
introduced through the Contaminated Land Reports (CLR) 7 to 10 and the Contaminated 
Land Exposure Assessment (CLEA) Model. The outcome of these reports and model were a 
series of Soil Guideline Values (SGV’s) to be used as generic, ‘safe’ concentration levels for 
a range of contaminants. Emphasis was made on the need for additional assessment of site 
specific SGV’s for contaminated sites. The purpose of each of the core reports are 
summarised in Table 4 below. The schematic (Figure 4) outlines how CLR 7-10 and the 
CLEA Model fit together along with associated research to produce SGV’s.
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Figure 4: Schematic of Interaction between CLR 7-10, Research and CLEA Model
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Toxicological Data
Within CLR 8 (Defra, 2002d) several frequently occurring, toxic contaminants were identified 
as ‘priority contaminants’. Toxicological data was then collated for these key contaminants to 
produce TOX Reports, to date 23 contaminants have associated TOX Reports published. 
Appendix E contains a copy of the timetable for release of TOX Reports, and SGV Reports, 
for the priority contaminants identified (EA, 2005a). Much research has gone into the 
toxicological affects of these contaminants, both commissioned by EA and also independent 
of this. An example of such research has been conducted by Flynn et al. (2003) into the bio­
availability of Antimony (Sb) which has been found in high concentrations on former mining 
sites in the UK. The form of Sb present was found to be biologically unavailable for a wide 
range of pH levels, indicating that it is uncreative and immobile in the soil. However, all 
pathways would need to be considered before a mine site were used for development, Sb 
may be immobile insitu, but if the ground were to be disturbed and contaminated dust 
released the inhalation pathway could link human receptors to the source. A further point 
raised in the paper is that the co-contaminants, such as arsenic and copper, were also found 
but in a bioavailable state, posing a risk to human health irrelevant of antimony. This 
research highlights the need for good toxicological data for the contaminants found on a site 
to enable reasoned design decisions to be made. If a contaminant is present in a form that is 
not readily bioavailable then the concentration level is unrelated to the potential for harm to 
humans. For this reason, research into the physio-chemical behaviour of contaminants is 
essential to complete a representative assessment of the risks associated with a site. The 
secondary point illustrated is that contaminants often do not occur in isolation and although 
one may not pose a risk others may.
CLR 9 described how the toxicological reports are put together and details the aims of the 
reports. Contaminants fall into one of two categories: threshold and non-threshold 
contaminants. The latter refers to “chemicals for which a threshold for health effects cannot 
be assumed, such as genotoxic carcinogens and mutagens" (CLR 9, 2002e). The TOX 
Reports combine all relevant available information to assess the potential for harm from a 
given contaminant. The outcome of this assessment is in the form of health criteria: 
Tolerable Daily Intakes (TDI’s) for threshold contaminants, Index Doses (defined as minimal 
risk levels) for non-threshold contaminants. These parameters are then used in the CLEA 
Model, along with other site-specific data, to produce SGV’s for each contaminant.
Soil Guideline Values
The first of the SGV’s were published in 2002, offering some guidance as to contaminant 
concentrations in soil above which, further assessment or remedial action is required; 
referred to as intervention values. These values have been developed with the aim of 
preventing chronic human health effects; acute effects and affects on the wider environment
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are not included in the derivation of these SGV’s. Initially generic SGV’s have been 
published in reports by Defra for seven contaminants (Defra, 2002g):
• Arsenic (SGV1)
• Cadmium (SGV3)
• Chromium (SGV4)
• Compounds of inorganic mercury (SGV5)
• Nickel (SGV 7)
• Selenium (SGV9)
• Lead (SGV 10).
Two more SGV reports for contaminants have subsequently been completed (Defra, 2003b)
• Tuolene (SGV 15)
• Ethylbenzene (SGV16).
It has already been noted that the CLEA model has been used to produce the SGVs for 
these contaminants. The CLEA model considers the ‘pollutant linkage’ based in a number of 
parameters: a given contaminant with associated tolerable daily intake (TDI) level or Index 
Dose, a given site scenario (approximate ground conditions and land use), a given pathway 
(or set of pathways) and receptor (age and gender are taken into account). From this 
information the exposure can be assessed and a guideline concentration is derived. The 
technical basis and algorithms for the model have been published in a report by Defra (CLR 
10) (Defra, 2002f). The SGV reports for each contaminant consider three potential land use 
scenarios:
• residential (with and without vegetable growing)
• allotments
• commercial / industrial.
It is noted in the EA Guidance on the use of SGV’s that certain land uses may not be 
appropriate within the generic SGV’s produced, such cases include sites used as: playing 
fields, schools or sites completely covered by hard standing. In these cases a detailed 
quantitative risk assessment is required and should include site specific SGV’s. (EA, 2003).
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Care should be taken in applying the SGV as each has been developed with a specific set of 
assumptions and, in the case that the site being assessed is not directly comparable to those 
assumptions; the published SGV may not be the most appropriate value. In these cases the 
CLEA model can be used to develop site specific SGV for the contaminant of concern.
Site Assessment Procedure
Best practice guidance for the process by which contaminated land should be assessed has 
been published by both CIRIA -  “Contaminated land risk assessment” (CIRIA, 2001b) and 
Defra/EA -  CLR11 “Model procedures for the management of contaminated land” (Defra, 
2004b) amongst others. The former offers detailed information covering the process of site 
risk assessment from gathering information (site investigation and desk studies), through to 
the assessment and communication of risk. There is also detailed information relating to 
other related topics such as ecological risk assessment, an area not generally considered in 
any great detail in contaminated land assessment. The detailed information given in the 
document offers useful guidance to designers, as well as specific case studies to be used as 
a reference in design.
The CLR 11 model procedures provide a technical framework to be used in the application of 
the risk management process for land affected by contamination. The document is consistent 
with the previous contaminated land reports (CLR 7-10), the CLEA Model and the approach 
presented by the EA, DETR and the Institute for Environmental Health: “Guidelines for 
Environmental Risk Assessment and Management” (2000). The model procedures set out 3 
stages in the framework, as shown in Figure 5 below. The three stages are:
• Risk Assessment
• Options Appraisal
• Implementation of the remediation Strategy.
Appendix F contains a flow chart published in CLR11 explaining how these three stages 
interact. The guidance given in each of the chapters relating to these stages is fairly broad, 
however detailed information is supplied in two further sections of the report: ‘supporting 
information’ (more technical detail to support the framework) and ‘information map’ (sources 
of further information and guidance). Details of the process are not discussed in this report.
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Figure 5 CLR11 Model Procedures overview of guidance (Defra, 2002b)
SUMMARY
The technical design and assessment techniques used in the UK are reflective of the risk- 
based approach outlined in the legislation. This is a positive step away from the target-based 
approach presented by ICRCL ‘trigger values’, withdrawn in 2002 (Defra, 2002a). The main 
guidance currently available has been produced by Defra and the EA through the 
Contaminated Land Reports (CLR 7-10) which form the basis for the Contmainated Land 
Exposure Assessment (CLEA) Model. In addition to these, the most recent report, CLR 11, 
provides a useful framework to be followed when dealing with contaminated land. All of this 
guidance is exclusively focused on the protection of chronic human health effects.
The guidance available goes some way to aid design; however there is still work to be done. 
Currently, just nine contaminants have published Soil Guideline Value (SGV) Reports offering 
a generic limit value for typical land uses. Although a further twelve have toxicological reports, 
containing either Index Doses or Tolerable Daily Intake levels (dependant on the 
contaminant) relating directly to soil concentrations, there are many more question marks 
over other contaminants. One area in particular that does not form part of the current 
assessment methodology is the effect of a combination of multiple contaminants on a site. 
The combined effect of two contaminants may be more harmful to human health then the 
individuals alone, and this complex issue has not been addressed as yet.
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It should be noted that CLEA is not the only exposure assessment tool available in the UK, 
the EA have provided guidance on the use of several others: SNIFFER, RISC, RBCA to 
name a few. The EA are tentative in accepting alternative risk assessment methodologies 
mainly due to variances in basic techniques, as such guidance notes have been issued on 
the potential applications of these alternatives, This have not been explored in this report and 
should be considered in future research.
2.1.3 Current state of the art -  Remediation
This section of the literature review has been written in direct response one key focus point 
raised in the brief:
• Remediation techniques available in, and applicable to the UK.
In approaching this topic some fundamental questions arise, each of which will be addressed 
in turn:
1. What is remediation and what does it aim to achieve?
2. What are the physical techniques used?
3. How is the process controlled?
4. When is remediation required; what are the triggers for action?
1. What is remediation and what does it aim to achieve?
Remediation is defined under Part IIA of the Environmental Protections Act (1990) (DETR,
2000) as either: assessing contaminated land or controlled waters, carrying an activity to 
mitigate the significant harm that is being or could be caused from a site, or monitoring a site. 
The DETR definition is as follows:
“ a) the doing of anything for the purpose of assessing the condition o f-
i) the contaminated land in question
ii) any controlled waters affected by that land or
Hi) any land adjoining or adjacent to that land
b) the doing of any works, carrying out of any operations or the taking of any steps in relation
to and such land or waters for the purpose
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i) of preventing or minimising, or remedying or mitigating the effects of any significant 
harm or any pollution of controlled waters, by reason of which the contaminated land 
is such land or
ii) of restoring the land or waters to their former state
c) the making of subsequent inspections from time to time for the purpose of keeping under 
review the condition of the land or waters” (DETR, 2000)
It should be noted that the above definition is applied to sites that fall under the definition of 
contaminated land in Part IIA given their current use. The regulating body, either the Local 
Authority (LA) in the area or, in the case of ‘special sites’, the Environment Agency (EA) 
would enforce the remediation described above. There is no specified method for 
remediation and the goal for remediation is set to leave the land ‘suitable for use’ (DETR, 
200b)
2. What are the physical techniques?
Numerous techniques for remediation of contaminated land have developed over the last 
decade or more. The development of new remediation techniques has been experienced on 
a global scale. To answer this question the techniques described have been limited to those 
established in the UK. The physical techniques fall into two broad categories:
• Civil engineering techniques
• Process based techniques.
The former is dominated by excavation and disposal to landfill of contaminated material 
(more commonly known as ‘dig and dump’), although some encapsulation methods used to 
safely contain contaminated material may also fall into this category. The latter, process 
based techniques, incorporates a whole host of methods and can be in-situ (i.e treating the 
soil without physically removing it first) or ex-situ (i.e. excavating the soil and treating it above 
ground). Within each of these categories the techniques can be biological, chemical, physical 
or some combination of these. Before details of the main techniques used in thee UK are 
discussed, the changes in preference of methods will be addressed.
The traditional methods for dealing with contamination in the UK have been to excavate the 
offending material and dispose of it in landfill, termed ‘dig and dump’. However this simply 
translates the problem from one location to another and is clearly unsustainable, simply as 
there is not an infinite supply of landfill. In more recent years there has been a move for more 
process-based remediation technologies to deal with the problem. These methods potentially 
offer more sustainable solutions, and also often support the ‘proximity principle’; where waste 
is to be dealt with as close to source as possible. The current landfill legislation (discussed in
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Section 2.2) has imposed new limits on the disposal of material to landfill as well as 
increasing landfill tax, offering a clear financial incentive to move away from ‘dig and dump’. 
(Defra, 2004a).
The selection of remediation methods has changed dramatically over the last 10 years. 
Rivett et al. (2002) conducted a useful survey to review the remediation of contaminated land 
in the UK over the period 1996 to 1999. The work was commissioned by the Environment 
Agency and was aimed at developing baseline data from which remediation trends could be 
developed in the future. The results showed that over that period, 80% of remediated sites 
surveyed used ‘dig and dump’ as the primary remediation method. This said a multi-technical 
approach was seen on many of the sites, aimed at reducing the volume of soil to be removed 
and targeting remediation to specific contaminated areas of the site.
At the time of this survey offsite disposal was the easiest method to remove the risk from 
contamination, and landfill tax was not seen as a barrier to development. There were some 
concerns over the declining availability of landfill and some awareness that the process was 
not sustainable, however “survey respondents did not identify the likelihood that off site 
disposal as a remediation option may decline as a result of the implementation in Britain 2001 
of the European Landfill Directive” (Rivett et al., 2002). Data on remedial option selection 
was limited, and so it is unclear how the option for ‘dig and dump’ was selected. Although 
legislative changes were expected to encourage the use of alternative remedial options, the 
nature and occurrence of the contaminants were expected to remain the key drivers for 
remediation design decisions. Rivett et al. (2002) explained the main barriers preventing the 
adoption of insitu remediation techniques over the ‘dig and dump’ option as:
• Costs -process based techniques were generally more expensive options
• Time constraints -  the process of cleaning soil can be very time consuming
• Warranty issues -  developers not wanting to take on the liability for the success of the 
insitu remediation techniques
• Methods having not been proven in the UK
• ‘Dig and dump’ was seen to provide a total solution by completely removing the 
‘source’ of the risk from site. In contrast there were significant fears over the long­
term success of insitu remediation.
It was noted that ex-situ remediation techniques suffered from similar constraints with the 
added problem that large areas are required for the process to work.
The two key lessons highlighted by the survey were:
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• The cheapest and most readily available appropriate remediation technique will be 
used, as such as long as landfill is available and cost effective it will be used
• Unproven remediation processes will not be used, predominantly based on the fact 
that developers will not take on the liability for unproven techniques.
The current situation in the UK has moved on from this, in the most part due to changes in 
the legislative regime forcing up the cost of landfill and thus making the ‘dig and dump’ option 
less attractive. Process based remediation techniques in the UK have been used for 10 -  15 
years, and as their relative cost comes down the methods become more attractive (AGS 
conference, 2004).
Guidance on the use of remediation techniques has been published by a number of 
organisations; CIRIA have produced a best practice guide for use in (CIRIA, 2001a). The 
technologies described can be used independently or in association with each other as part 
of a wider remediation scheme. The technologies that are described in detail in the 
publication are:
• Ex-situ bioremediation -  soil Is excavated, placed above ground and aerated (or 
otherwise treated) to enhance the natural biodegradation of organic contaminants.
• Enhanced in-situ bioremediation -  water based solutions are passed through the 
ground to activate micro-organisms and enhance the biodegradation of organic 
contaminants.
• Natural attenuation -  simply where natural processes are left to remediate the land 
without intervention. The processes include biodegradation; dispersion; dilution etc.
• Soil vapour extraction -  another in-situ technique whereby air is passed through the 
soil to encourage the volatilisation and aerobic biodegradation of contaminants.
• Air sparging -  a combination of both biological and physical techniques; compressed 
air is injected beneath the water table to promote volatilisation of certain organic 
contaminants.
• Bio-venting -  insitu aerating of unsaturated soils to stimulate biological activity and 
bioremediation to change contaminant mass, concentration and toxicity.
• Dual-phase vapour extraction -  another in-situ technique which is aimed at 
removing both vapour and liquid form the soil.
• Soil washing -  this is an ex-situ process where by the excavated soil is ‘washed’ by 
mechanical separation or aqueous leaching.
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• Cement fixation -  essentially cement or other binders are mixed with soil to 
physically, and in some cases chemically, immobilise the hazardous contaminants.
There are numerous other techniques that can be used for remediation of contaminated land 
that are not commonplace in the UK as:
• They are under development through current research
• The processes have only been used outside of the UK
• The process has only been used outside of the UK, possibly as process is not 
applicable to the ground conditions or type of contamination found in the UK
Remediation technology research is widespread globally, and many different techniques are 
being developed as well as existing techniques being pushed forward. Natural attenuation 
and cement fixation are two examples of remediation techniques that have realised recent 
developments through focused research.
Assisted Natural Attenuation
Research by Adriano etal. is a typical example of the current developments in this field. The 
authors look to offer an alternative to the expensive and time-consuming processes that 
currently exist. The authors believe that there is a need for development of less destructive 
methods of dealing with contaminated land. The focus is on metal pollutants and the solution 
looks to plant uptake of the bioavailable fraction of the contaminants: “the main intent is not to 
change the total concentration but to reduce the bioavailable fraction, in essence reducing the 
risk.” (Adriano et al., 2004). It is noted that natural attenuation on its own is not possible for 
metal contamination, unless accelerated by some additive or the use of plants to immobilize 
the contaminant. The main problem with natural attenuation is the time period required for 
the land to be remediated, however Adiano et al. suggest assisted natural attenuation of 
metal contaminants could be achieved in a matter of days. The additives suggested in the 
paper are phosphorous; lime; biosoils and coal ash.
The latter offers potential for a low environmental impact solution, as coal ash is a waste 
product from another industry and by utilising it to remediate land the benefits are two fold, 
avoidance of disposal of the coal ash from the coal industry as well as the recovery of value 
to the land that is remediated.
Despite the fact that a field scale trial has been completed using the methods offered by 
Adriano et al., there are still areas relating to the process that require further understanding; 
mechanisms by which the contaminants are sequested in the natural attenuation, the long 
term sensitivity, and the chemical and physical behaviour of the metal contaminants in the
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soil. Similar research by Ciccu et al., 2002 also suggests that the addition of, in this case, red 
mud’s and fly ash, can aid the fixation of heavy metal contamination. (Ciccu et al., 2002)
Cement fixation
One specific organisation that is researching in this area is the Stabilisation/solidification 
Treatment And Remediation Network (StarNet), which has been researching since 2001 and 
have recently published best practice guidance in direct response to the unease in the UK 
regarding the use of the techniques. It is recognised in the guidance (Perera et al., 2005), 
that stabilisation/solidification techniques are widely used in the US and other parts of 
Europe, but have not yet been fully accepted in the UK. The report is the most recent of 
seven produced by the organisation concerned with the technological and performance 
aspects of stabilisation/solidification technology. The good practice document acts as a 
summary to the information available from a variety of sources in the UK, USA and the rest of 
Europe. One company that is currently active in the UK is Envirotreat®, whose patented E- 
clay® technology promises to offer a rapid method for binding a wide range of contaminants. 
The process can be used insitu or exsitu and is based on the mixing of a bentonite-based 
slurry with the soil. The additives used in the slurry act to bind the contaminants and produce 
a stable construction material (Envirotreat, 2005).
Research such as this is essential to the development of technology for remediation of 
contaminated land. By its very nature the remediation research undertaken is often very 
specific to individual contaminants and ground conditions, little work has been found relating 
to the versatility of the methods used and how they could be applied to sites with multiple 
contaminant problems.
Other developments of note in terms of remediation are in the fundamental way in which soil 
remediation is completed. The focus on site-specific remediation has been challenged by 
proposals for hub systems whereby material from a small site can be taken to a central 
remediation hub for the area. This hub then not only acts as a central remediation centre for 
contaminated soil, but also as a source for clean construction materials. A similar concept 
has been considered for use at landfill sites to facilitate the continuation of ‘dig and dump’. 
The difference lies in that the landfill operators would accept the contaminated waste and 
then remediate it before either selling it as a construction material or disposing of it in the 
appropriate landfill. (AGS conference, 2004)
3. How are the techniques controlled?
It should be noted that the act of remediation is regulated to ensure that no further pollution of 
the environment is caused by the activity. Remediation activities will be subject to waste 
management licensing (unless the activity falls under a specified exemption). The details of 
this are described in Section 2.2. In the cases where water abstraction or discharge may be
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required for the remediation technique, regulation specific to these activities will apply: Water 
resources Act 1991, Water Industry Act 1991 Water Act 2003 and Groundwater Regulations 
to name the most prominent.
In the process of remediation it is not only the environment that requires protection from 
further harm, human health must also be considered during the remediation activity. The 
specific receptors to consider are the construction workers, as well as the general public and 
surrounding neighbours to the site. The Health and Safety Executive has issued a document 
to address this issue: “the protection of workers and general public during the development of 
contaminated land” (HSE, 1991).
4. When is remediation required; what are the triggers for action?
There are many triggers for remediation several of which are listed in the Defra Legislative 
overview document (Defra, 2004a);
• Requirements of planning permission, or building regulations
• If the site is defined as contaminated under Part IIA
• Under a works notice issued under the Water resources Act 1991
• Remediation during the life of a PPC instillation and to ensure sites are returned to a 
‘satisfactory’ condition
• Remediation prior to formal surrender of a waste management site licence
• Removal of illegally disposed waste and remediating the consequences of the 
disposed waste
• As voluntary action, for example before the sale of land.
Clearly these reasons are wide ranging but essentially are either based on legislative 
requirements or financial incentives.
SUMMARY
It is not unreasonable for a landowner to not take action to remediate contaminated land until 
they are either required to by law, or can achieve some personal gain from their actions. This 
has been recognised by government through the introduction of stringent legislation requiring 
remedial action (i.e. Part IIA) and targets for the use of brownfield land for future 
developments. The controls impinged on the industry to complete this in a sustainable 
manner (e.g. landfill tax aimed to reduce ‘dig and dump’) show a strong desire to protect the 
environment from the spread of harm form contaminated land.
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The methods by which remediation is undertaken have changed over the last decade, with a 
move away from ‘dig and dump’ and a progression towards more process based 
technologies. The guidance available for these techniques highlights the more established 
methods, for example bio-remediation with limited attention on alternative technologies. 
Understandably, industry is reluctant to embrace new technologies without guarantees for the 
effectiveness of the techniques. As such the main barrier to the implementation of new 
technologies appears to be in the acceptance of liability for success of remediation.
The current state of knowledge with regard to remediation techniques has not been fully 
explored in this report. Remediation technology is fundamental to the development of land 
affected by contamination, and as such warrants further attention over the course of this 
research.
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2.2 Waste Management
This section of the literature review addresses the following specific research areas identified 
in the brief (Section 1):
• Developing ways in which waste volumes that arise in the construction process can be 
reduced through design stage modifications.
• The design process from classification of waste (chemical and biological contaminants 
and geotechnical properties)
• Use of treated waste in design.
There is a plethora of legislation that relates to waste in the UK incorporating the activities of 
all industrial sectors. The specific areas of interest in the contaminated land context are:
• Waste Strategy
• Landfill
• Developments in Waste Management
o Waste Management Licence related 
o Landfill related.
These interest areas will be considered in turn, highlighting the effect that the legislative 
regime has on the contaminated land industry.
Definition of Waste
It is essential to appreciate the legal definition of waste as this is the fundamental point that 
underpins the waste management legislation in the UK. The two key areas of interest are: 
the application of the definition of ‘waste’, and the ramifications for material that falls under 
this definition. If the material is not classed as waste, then the associated waste 
management legislation becomes irrelevant.
Waste is defined in the European Council’s (EC) Waste Framework Directive, and associated 
amendments, as “any substance or object in the categories set out in Annex I which the 
holder discards or intends oris required to discard' (EC, 1975: amendment 91/156/EC).
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The substances referred to in Annex 1 of the directive include two items that are in specific 
reference to contaminated land:
• “Q4 Materials spilled, lost or having undergone other mishap, including any materials,
equipment, etc., contaminated as a result of the mishap
• Q15 Contaminated materials, substances or products resulting from remedial action
with respect to land. (EC, 1975: amendment 91/156/EC)
To understand the definition of waste and what it includes, the definition of ‘discard’ comes 
into focus. The Waste Framework Directive itself does not directly define the term discard. 
The definition of waste has been the subject of debate in European Court of justice (EJC). 
The judgments from these cases need to be considered when deciding whether material is 
indeed waste. The Waste Incineration Directive (EC, 2000) also deals with this issue. Defra 
have produced a consultation document relating to this directive (Defra, 2002h) providing 
guidance on the principals used in the definition of waste. This guidance is based on 
judgements made by the EJC on waste related cases along with the previous guidance 
issued by the government on this issue. The key principals raised have been noted in the 
Defra summary of regulation affecting remediation of contaminated sites (Defra, 2004a). A 
more recent example of how the EJC rulings affect industry is the Van de Walle Case 
appeared in the ECJ in September 2004. The ruling in the case defined an accidental spill of 
petroleum, and the soil in which it was spilt, as legal waste, despite the material being 
undisturbed. The ramifications of this are still to be confirmed as Defra and the EA have not 
issued statements to date. However, on the most basic level this ruling implies that any land 
contaminated from accidental spills may be classed as waste and consequently be liable for 
waste management licensing, regardless of any remedial activity being undertaken. The 
question “is this material waste?” is not a simple one to answer especially in the light of EJC 
rulings.
Waste Strategy for England and Wales
In December 1995 the government released the first detailed policy to deal with waste 
management in the UK; white paper entitled ‘Making Waste Work’. Within this document 
targets were set for the following 10-year period, principally to minimise waste in the UK and 
increase the level of recycling. Following consultation on The National Waste Strategy; ‘A 
Way With Waste’ (Defra, 2000), the government replaced the 1995 white paper with the 
‘Waste Strategy for England and Wales’. It should be noted that England, Wales, Scotland 
and Northern Ireland have all implemented their own versions of this strategic paper each to 
set out a framework for waste management plans in the respective country. The policy for 
England includes consideration for the waste to be diverted from landfill, as outlined in the 
1999 Landfill Directive, and also offers a framework for dealing with it (Gervais, 2002).
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The framework set out in the strategy paper supports two key principles of waste 
management that are applied to establish the Best Practicable Environmental Option (BPEO) 
for dealing with waste materials:
• Waste hierarchy
• Proximity principal.
Figure 6 below summarises the waste hierarchy as described in the strategic paper (Defra, 
2000). The proximity principal looks to ensure that waste is dealt with as close to its origin as 
possible.
WASTE HIERACHY
Q_
REDUCE quantity of waste produced
CQ
TDREUSE the waste material for another function
RECOVER some value from the waste 
(e.g. recycling or composting)
DISPOSE (landfill)
Figure 6: Waste Hierarchy based on Government waste strategy
The strategy document for England outlines targets to be achieved, comprising both EU 
targets and some additional England specific ones. The strategy is concerned with waste in 
general and does not offer much focus for waste produced through the redevelopment of 
contaminated sites however the principals outlined above are the same. The waste hierarchy 
can be applied specifically to contaminated land as follows.
• Reduce quantity of waste produced: a target that should be applied to developments 
irrespective of the state of contamination of the land. The drive to minimise the waste 
produced during development activities should be incorporated into design decisions. 
For example, in the choice of foundation, assuming the ground conditions are
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suitable, the use driven displacement piles over bored piles will reduce the spoil from 
the pile instillation process, and thus reduce waste material that requires disposal.
• Reuse material on site. Material recovered from site excavations should not 
automatically become ‘waste’ to be disposed of. The material may be suitable for 
reuse on site, either directly or after some pre-treatment (partly ‘recovering value’ from 
the material).
• Recover some value from the material. In the broadest sense, by applying a 
remediation process to a site the site can be recovered for future use, thus recovering 
value of the site.
• Dispose The least desirable option is to remove the contaminated material from the 
site and dispose of it in landfill. Translating the problem from one location to another 
goes against the proximity principal.
Waste Management Licensing
The remediation of brownfield land requires a waste management licence. Waste 
management legislation outlined in the Waste Management Paper (WMP) No 4 “Licensing of 
Waste Management Facilities”, will affect the process of remediation of contaminated land. 
There are two types of waste management licence that need to be considered:
• Site licence -  relates to a specified area of land and permits the “deposit, disposal or 
recovery of waste” (Defra, 2004a) at that site. The licence can only be surrendered 
once the EA accept it, this will only occur once the EA are satisfied that harm to 
human health or the environment, as a result of the waste disposed of on the site, is 
unlikely to occur.
• Mobile Plant Licence (MPL) -  This system has been developed as a medium term 
solution for licensing remediation activities, as it is clear that such activities were not a 
consideration in the development of he current licensing regime. The licence applies 
to plant used to recover waste soil, and is therefore generic. However prior to 
mobilisation on any site a site specific working plan must be submitted for approval. It 
must be noted that the MPL is limited to the remediation of waste soil, and currently 
cannot be applied to the remediation of controlled waters. Unlike the site licence, 
surrender of these licences is not subject to approval conditions by the EA.
The landfill regulations for the UK are implemented under the Landfill Directive. The most 
recent development in landfill regulations has been the ban on co-disposal of wastes that 
came into force June 2004. This fundamental change in the legislation has resulted in waste
Landfill
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being classified under one of three types: hazardous, non-hazardous and inert. The key point 
is that landfills are no longer permitted to mix different waste types.
• Hazardous waste landfill sites may only accept hazardous waste as defined by the 
Hazardous Waste Directive (91/689/EEC). Furthermore these wastes must be pre­
treated (defined below) prior to disposal at landfill. Hazardous wastes are specified in 
the European Waste Catalogue (EWC) as; ‘asterisk’ wastes (absolute hazardous 
waste in any concentrations) or mirror entry wastes (only hazardous when present 
above a set concentration limit). Contaminated soils are classed as mirror entry in the
• Non-hazardous waste landfills may accept waste that is hazardous, but is stable and 
non-reactive. This category includes contaminated soil (and other mirror entry waste) 
with concentrations of dangerous substances that fall below the limits set in EWC for 
hazardous waste.
• Sites for inert waste can only accept waste that is inert as defined by criteria in the 
regulations (i.e. does not undergo physical, chemical or biological transformations).
The treatment of hazardous waste prior to disposal is defined according to the ‘three point 
test’ where by the treatment process must:
1. “Be a physical, thermal, chemical or biological process including sorting;
2. Change the characteristics of the waste; and
3. Does so in order to
• Reduce its mass, or
■ Reduce its hazardous nature, or
■ Facilitate its handling, or
■ Enhance its recovery. ” (EA, 2004).
With respect to the temporary storage of waste prior to recovery or disposal, some form of 
authorisation would be required; a waste management licence or a PPC Permit unless it is 
covered by an exemption. It should be noted that the storage of hazardous waste is limited in 
duration before the landfill regulations apply.
Landfill tax contributes significantly to the disposal of waste and has been set by the 
government at two rates (April 2004): £15/tonne as a standard rate, and £2/tonne applicable 
to inert waste only (HM Customes and Excise, 2004). The latter rate is set to increase by
EWC.
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£3/tonne per year, with the aim of reaching a medium to long-term rate of £35/tonne. This 
‘landfill tax escalator’ has been noted not only in the government Notice (LFT1) which 
contains landfill tax rates, but also in the recent sustainable development strategy; ‘Securing 
the Future’ (Defra, 2005). This is a clear commitment by the government to reduce the use of 
landfill. Whether this will affect the development of contaminated land directly is yet to be 
seen. However, some fear that it will presents a significant barrier to government targets for 
development on brownfield land, as the cost of development rises.
Developments in Waste Management 
Waste Management Licensing
The current Mobile Plant Licence (MPL) is limited to the remediation of waste soils; this is 
being addressed by Defra through the development of the ‘enhanced MPL’ due to come into 
force October 2005 (EA, 2005c). The proposed new MPL will incorporate the remediation of 
controlled waters in a similar fashion to way in which the existing licence relates to waste soil.
In 2003 a project team made up predominantly of representatives from Defra and the EA, 
was set up to undertake a review of the waste permitting regime. Part of this has been to 
develop a single remediation licence that encompasses all of the relevant regulatory 
requirements and simplifies the licensing procedures. It has been noted that the original 
waste management licence was developed without consideration for the application to 
remediation processes (EA, 2004), as such there is a clear need for a review. The 
Remediation Licensing Task Force, chaired by the governments Business Regulation Team 
(BRT) and made up of representatives from industry and government, are developing a 
“simplified permitting system for the brownfield remediation industry' (Cabinet Office, 2005). 
Work in this area is ongoing. The main delay has been associated with the implications of 
the Van de Walle Case that appeared in the ECJ in September 2004 (details above).
Landfill
Linder the new Landfill Regulations (2004) the definition of three types of landfill has been 
established. In association with these definitions, criteria by which waste is to be assessed 
have also been outlined. The aim of which is to aid the selection of the appropriate landfill for 
the waste to be disposed, and to better regulate the waste taken by landfill operators, hence 
improving the control of potential harm to humans or the wider environment. These ‘Waste 
Acceptance Criteria’ (WAC) are due to come into force on 16th July 2005. The WAC requires 
testing of waste to identify its status (hazardous, non-hazardous or inert) and to ensure that 
the properties of the waste fall within the limiting values for a given landfill type, 
predominantly leaching limits. There are three levels of testing identified (EA, 2005a):
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• Level 1 -  basic characterisation (required from July 2005) a thorough determination of 
both short and long-term leaching properties of the waste.
• Level 2 -  compliance checking (required from July 2005) periodic testing to ensure 
that that waste complies with the landfill permit conditions.
• Level 3 -  on-site verification (currently in place) simply rapid check methods to ensue
that the material unloaded at the landfill is as classified in accompanying
documentation. This may be a simple visual inspection.
Full WAC exist for all landfill types as well as additional ‘special provisions’ relating to specific 
waste materials. The three types of WAC are:
• Full list of inert waste which may be accepted without testing
• Leaching limit values for specific landfill types
• Limit values for other parameters.
An example of criteria issued to date is given in Table 5 and Table 6 taken directly from the 
‘Landfill (England and Wales) (Amendment) Regulations 2004’, and relates specifically to 
granular waste to be accepted by hazardous landfills.
Parameter Values
Loss On Ignition (LOI) 10%
Total Organic Carbon 
(TOC)
6%
Acid Neutralization 
Capacity (ANC)
Must be evaluated between the pH of the waste in 
question, at pH6 and the pH of the site leachate
Table 5: Hazardous landfill WAC: Other parameters (NB either LOI or TOC can be used) (ODPM, 
2004b)
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Component Symbol L/S = 10 l/kg
mg/kg dry substance
Arsenic As 25
Barium Ba 300
Cadmium Cd 5
Total Chromium Cr total 70
Copper Cu 100
Mercury Hg 2
Molybdenum Mo 30
Nickel Ni 40
Lead Pb 50
Antimony Sb 5
Selenium Se 7
Zinc Zn 200
Chloride cr 25,000
Fluoride F 500
Sulphate S042' 50,000
Dissolved Organic Carbon DOC 1,000
Total Dissolved Solids TDS 100,000
Table 6: Hazardous landfill WAC: Leachate limits for granular material (OCPM, 2004b)
As the need for soil testing grows, the desire for cheaper and more rapid test methods will 
increase. Gotzl and Riepe (2001) conducted research that compared simplified rapid testing 
methods to be used on site, with the established laboratory testing. The purpose of the tests 
was to classify soil into waste categories for disposal, as defined by Austrian regulations. 
The results showed a good correlation between the classifications gleamed from the 
laboratory tests and those made by the rapid field tests. Testing procedures will need to be
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developed to accommodate the growing need for knowledge of soil properties for the purpose 
of disposal.
The definition of waste is not entirely straightforward, and the recent Van de Walle case 
demonstrates how this has been misinterpreted in the past. The ramifications of the ruling in 
this case, which defines soil contaminated by and accidental spill as ‘waste’ could be huge. 
However, common sense should be taken into account, as it is entirely unreasonable for all 
contaminated sites in the UK to be subject to full waste management licences. The fact that 
Defra is still to issue formal statements regarding the effects of the Van de Walle case on the 
UK contaminated land industry, illustrates some of the difficulties faced by government from 
the definition of waste.
The well-established waste hierarchy should be at the heart of contaminated land 
development, not least for financial reasons. The reduction of waste in design is the most 
preferable option as it ideals with the problem at source. However, this is not always practical 
and inevitably some waste will be produced.
The reuse of excavated material on site can be fairly limited by the current regulatory regime 
and avoidance of the title ‘waste’ for material appears to be the crux of the challenge. 
Exemptions to the waste-licensing regime are the key to this issue, and for this to occur the 
intent of use must be clear. Material (that is not classified as hazardous) can be used on site 
for construction purposes. However, if the material is surplus to requirements and disposed 
of on site the landfill regulations would apply. Such definitions are open to debate, and so the 
best method to ensure that the exemption is valid is through early consultation with the EA.
To recover value from a site, remediation is the main tool. All remediation activities are 
subject to waste management licenses, these can be site licences, although more likely 
Mobile Plant Licences (MPL). The former were developed without consideration of 
remediation activities and are not entirely applicable. MPL on the other hand offer much 
more flexibility and avoid the difficult area of license surrender. MPL’s do have their 
limitations as they do not cover the remediation of controlled waters, this is being addressed 
and the ‘enhanced MPL’ should be available from October 2005.
Disposal of waste is becoming increasingly difficult as the government tighten the legislation 
on landfill in an attempt to reduce the reliance on this option. Landfill tax is the most obvious 
deterrent that the government can use, and with a long to medium term rate set at £35/tonne, 
more than double the current rate, it increasingly presents a real obstacle to disposal. 
Furthermore, with the ban on co-disposal of waste imposed in 2004, and the future Waste 
Acceptance Criteria to come into force July 2005, landfill is becoming less attractive.
Summary
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3 .0  R e s e a r c h  P r o je c t s
Two focus areas for research in this initial 7-month period have arisen from the literature 
review undertaken, and from the needs of the sponsor company. The primary research has 
been ‘volume estimation’; to investigate methods of assessing volumes of soil to be 
remediated on a contaminated site. The secondary area has been in methods of 
dissemination of knowledge within the sponsor company. This section of the report will outline 
the background to each of these topics, the aims and objectives, the progress thus far and 
future work still to be completed.
3.1 Volume estimation
This element of research has been focused on the methods used to estimate volume of 
material to be remediated on contaminated sites. In terms of the overall project brief the 
following elements are considered in this research:
• Design for sites with chemical contamination, biological contamination and physical 
hazards.
• Developing ways in which waste volumes that arise in the construction process can be 
reduced through design stage modifications.
• The design process from classification of waste (chemical and bioloical contaminants 
and geotechnical properties) through to selection of treatment methods.
Background to Research
This research completed thus far has been focussed on one particular area within the context 
of contaminated land, namely minimisation of waste. There are a number of drivers to 
minimise the amount of waste arising from contaminated land projects, not least financial. 
Given the recent changes in the legislation relating to landfill in the UK, there is a strong drive 
to minimise the volume of waste material to be removed and disposed of off site. In the past 
the most cost effective option for dealing with such contaminated material was to simply ‘dig 
and dump’ (Rivett, et al, 2002J, with little drive to minimise volumes of material as the 
process then, was very cost effective. However, the availability of landfill suitable for 
contaminated soil has declined dramatically since the ban on con-disposal of waste, as 
disposal sites need to apply for new licensing. Consequently the cost of the ‘dig and dump’ 
option has risen, not least due to the increased distance from site to point of disposal. In 
many cases this has lead to process-based remediation options that may have previously 
been discounted on cost grounds, becoming a more appealing solution. The comparative 
cost of process-based remediation may be less than current landfill costs but still remains an 
additional cost that clients and contractors must bare. When developing a site affected by
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contamination the issue of contaminated waste cannot be entirely avoided, neither can the 
associated costs. The aim of this research is to optimise the assessment the extent of 
contamination and thus improve the ability of the designer to estimate the volume of material 
to be treated. With optimal assessment of the material on site, the design of the remediation 
programme can be targeted to treat only the areas required, and thus potentially reduce the 
associated costs. There is clearly a balance to be struck between investment in design and 
investment in remediation processes.
There are a number of issues that can be addressed to improve the assessment of material 
volumes, from the initial gathering of site data through to the selection of remediation 
technologies. Some of the key issues are associated with:
• Site investigation: sampling strategies -  frequency and location of sampling within 
budgetary constraints.
• Data analysis: method of interpolation of results to estimate the contamination of 
areas not sampled, and calculation of associated uncertainties. Also appropriate 
methods of interpolation between sample points given the physiochemical properties 
of the contaminant under consideration.
• Remediation strategy: selection of appropriate remediation strategies to deal with the 
contamination, including contingencies for undiscovered contamination.
The initial phase of the research has focused on the method of analysis of site investigation 
data. E Hellawell et al. have completed some research in this area, concerned specifically 
with the use of GIS raster techniques in assessing contaminated soil volumes (Hellawell E et 
al., 2001). This research looked at a variety of spatial analysis techniques in order to 
estimate the volume of contaminated material to be excavated, the recommendations of the 
paper were that the GIS raster technique be developed to aid decision making in not only the 
volume of material to excavate, but also in the application of process based remediation. 
Research in the this area has been developed since this publication, not only in methods to 
estimate volumes of material but to address the other key issues noted above. Demougeot- 
Renard and De Fouquet (2004) have recently published research into geostatistical 
approaches to assess soil volumes requiring remediation and have validated the techniques 
against Lead-polluted sites in Switzerland (Demougeot-Renard and De Fouquet, 2004). In 
this paper the environmental risks associated with incorrect estimation of contaminated soil 
volumes are highlighted along with the financial risks. In this research stochastic simulations 
form the foundation for the geostatistical methodology used, allowing both the contaminant 
levels and the uncertainty to be predicted across the site. Parsons and Frost (2002) note 
that the latter is not commonly accepted across the geotechnical community. Their research 
is concerned more with geotechnical parameters, however the principle remains; data used to 
assess the properties for the ground “represent 1/100,000 or less of the total volume of the
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so/7’ (Parsons and Frost, 2002) and consequently significant uncertainty exists as to the 
actual properties of the remaining soil volumes. This is even more true in contamination 
testing as ‘hot spots’ of certain contaminants that can occur in relation to events in the past 
that may or may not be documented, and are easily missed in site investigations. It is 
proposed by Parsons and Frost (2002), that an assessment of the uncertainty and quality of 
the site investigation plan be used as additional information to aid design decision-making.
Objectives for research
The aim for this research is to assess a range of volume estimation techniques and compare 
their applicability for use in contaminated land design applications. To achieve this, an 
assessment of the use of use of Geographic Information System (GIS) raster techniques, 
specifically using ArcGIS, will be carried out and used in comparison to alternative methods 
of analysis. Existing site data is to be used to ensure that the assessment can be easily 
translated to practical applications. A significant portion of the assessment is to consider 
whether the software available at TGP is capable of producing comparative results to GIS 
and other techniques.
Work to date
The following diagram (Figure 7) illustrates the work to be completed for this research. The 
boxes in green have been completed in this period, the remaining areas of work relate to the 
interpolation of data using ArcGIS raster model and associated volume estimation, and the 
development of alternative methods.
The alternative methods of volume estimation will include, but not be limited to:
• The use of TGP software as a direct comparison to ArcGIS
• Alternative interpolation techniques
• Special techniques - e.g. area of influence.
The areas completed thus far will be discussed briefly in turn.
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METHOD 1:
Geographic 
Information System
GIS
Familiarization with 
ArcGIS & applications
ArcGIS applied to site 
data
Collate appropriate 
guideline values
Normalization of GIS 
data to guideline values
Raster data and 
analysis of volumes
Alternative
methods
I
Comparison
of
techniques
Figure 7: plan of work for volume estimation research
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ArcGIS functions and applications
GIS offers a tool for displaying and analysing spatial relationships between data points. The 
data is displayed in layers, each with the capability to show features of the data set. These 
features have spatial co-ordinates and can be objects (with a specified shape or size, e.g. 
city) or surfaces (no particular shape but have a measurable value e.g. terrain with varying 
levels above sea level). Raster is a type of surface and is made up of blocks of a uniform 
size, each with an estimated value for that location. The features represented on a layer link 
to attribute tables that can contain a plethora of information about that given object. Figure 8 
below offers a simplified illustration of this interaction.
ATTRIBUTE
TABLE
Information 
relating to 
the features 
displayed
LAYER
FEATURES:
OBJECT
Figure 8: Simplification of GIS terminology
With respect to contaminated land and the type of information that needs to be displayed, this 
type of system can prove extremely useful when multiple attributes need to be connected to a 
given object. For example, soil test results from a number of samples (attributes to be 
assigned) that have originated from a single borehole (object displayed). This data can then 
be manipulated and various displays produced base on This is precisely the use that this 
research has made of GIS.
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ArcGIS applied to site data
The data has been selected from an arbitrary site with contamination. The contamination test 
data has been taken at a variety of depths in boreholes and trial pits across the site. The 
information has been set up so that each contaminant is displayed on a separate layer and 
can as such, be dealt with independently or in combination as required. Figure 9 below is a 
typical display of multiple contaminant measurements (absolute values).
0  contamination_soil Event 
PAHTOT 
0.00- 162.20 
+ 162.21 - 707.90 
0  707.91 - 1596.70
A  1546.71 - 3395.57
All contamination
3395.58 - 5778.50
/A
o  \ v  0 \
- O.  V x
© ©
W / ®  O
/  '<£>
contamination soil Event 
PHENOL 
0.00 
# 0.01-2.06 
2.07-9.99
A  10.00-18.
18.89-29.52
0  contamination_soil Event: 
LEAD
6.19-367.13 
O 367.14- 1212.24 
O 1212.25-3308.25
Q  3308.26 - 6679.36
6679.37 - 15919.95
contamination soil Event 
COPPER 
3.32- 75.09
Figure 9: Absolute values for multiple contaminants as displayed in ArcGIS
Appropriate Guidelines
The guideline data used has been based on Soil Guideline Value (SGV) reports, where 
available. In the cases for contaminant for which no SGV report has been published, but 
toxicological data has been present the CLEA Model has been used to derive site specific 
SGV. Data for the appropriate guideline value was then added to the attribute tables, and the 
data displayed in ArcGIS normalised to that guideline. The effect of normalizing the data 
gives a quick and obvious view of whether the land is or is not contaminated to a level that 
could pose a risk to human health. Figure 10 below is an example of normalisation to SGV 
values for Arsenic contamination. The underlying assumption is that the most appropriate 
guideline values have been assumed. For the purposes of this comparative study 
consistency is the most important factor, although every effort has been made to ensure that 
appropriate guideline values are used.
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Normalised Arsenic Test Results
o
Table of Contents
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(J 2.001-5.000
^^ 5.001 -10.78 
+ 0  all_contamination Events \ /
Figure 10: Normalised values for Arsenic contamination as displayed in ArcGIS 
Future developments of research
There are several elements to this research that need to be completed over the coming 6- 
month period
Raster data
The data that has been displayed thus far needs to be converted to a raster surface, as one 
method of interpolation, to allow for reasoned assessment of the volume of material to be 
treated. The 3D modules that can be used with ArcGIS can then be employed to assess the 
full extent of the contamination. This is the next stage of this portion of the research.
Alternative methods
The alternatives suggested above are to be developed and applied to the same data as that 
used in the GIS method. Consideration need also be given to further alternatives not 
identified thus far. The results for the volume estimation can then be compared and a 
judgement made as to the most effective method, and looking to answer the question 
whether or not advanced GIS techniques are necessary.
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Sensitivity analysis
Once a baseline comparison has been made, variations in the amount of available data can 
be considered. How sensitive are the techniques to the quantity of data input? Will the 
estimation technique still capture a reasonable amount of the contaminated soil actually 
present? This can be done by running through the methodologies with reduced data points, 
and then comparing the volumes calculated. The selected methodology can then be applied 
to other sites to assess its versatility.
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3.2 Dissemination of knowledge
Throughout the course of the research the information and knowledge gained must be fed 
back into the sponsor company for the full benefits to be realised. This is particularly relevant 
for Tony Gee and Partners (TGP) at this time as the company is working towards ISO14001 
accreditation. Part of the work completed in this period has centred around methods of 
disseminating information within TGP. The existing systems set up for this purpose include 
the company intranet, weekly seminars, technical notes published for internal use and the 
company library. The integration of this research into the existing system is essential for the 
company to benefit from it. To date the majority of information has been in the form of 
references and technical notes. Through involvement in the moves towards ISO 14001 
accreditation there has been an immediate need to improve the current interface for access 
to environmental information in general. The most direct method has been through the 
creation of clear links to technical advice and legislation through the intranet. The main aim is 
to establish awareness within the company of the information collated through this research, 
and to ensure easy access for other designers. The most direct method of creating 
awareness is through seminars, which will be conducted over the coming months.
APPENDIX G contains the Research Project Checklist, which compares the research 
projects to focus areas outlined in the brief.
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4.0 Proposed Research
The proposed research areas have been identified through a combination of factors; the 
literature review, TGP future design projects and discussions with individuals in industry.
The research areas identified are as follows:
Volume Estimation -  completion of the research commenced in the initial period, as 
described above.
Alternatives to landfill -  it is clear from the literature review that the disposal of waste 
material to landfill is an increasing financial burden to industry. The wider environment does 
not come away unscathed either as disposal of waste to landfill simply translates an 
environmental burden from one location to another. There is a finite number of locations 
available for landfill, and the landfill sites must be carefully engineered to safely contain the 
waste disposed there. In the case of hazardous waste, without treatment the problem is not 
only transferred spatially but temporally as well. The next generation will need to deal with a 
legacy of landfills. These are compelling reasons to investigate alternatives for the reuse of 
waste material on site. The most complex issue comes in dealing with the current legislation 
and implications of the definition of waste.
These two areas of research address the following focus areas identified in the brief.
• Developing ways in which waste volumes that arise in the construction process can be 
reduced through design stage modifications.
• Use of treated waste in design.
Risk Assessment -  The current legislative regime and industry best practices are based on 
risk assessment; the very fundamental philosophy of dealing with contaminated land has its 
routes in this topic. However, the focus of the risk assessment, in many areas, is limited to 
the chronic human health effects with little consideration for the wider environment. The 
Environment Agency are developing risk assessment methodologies at policy level, to be 
used by agents making risk based decisions every day. Research into the interaction 
between EA and consultancies should be addressed. A complementary area of research to 
this is in risk communication.
Research into the risk assessment as the basis for design with contaminated land addresses 
the following focus point highlighted in the brief.
• The design process from classification of waste (chemical and biological contaminants 
and geotechnical properties) through to selection of treatment methods.
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Subsurface obstructions and voids -  Brownfield sites are often, by nature, the location of 
previous structures and as such often contain the remains of substructures from the lands 
previous use. These can offer technical challenges for designers, and need to be overcome 
with engineered solutions. To meet the governments targets for development on brownfield 
land both the environmental and the technical barriers need to be addressed, only then can a 
sustainable development plan be realised. Numerical modelling techniques lend themselves 
to these applications, and should be included in this area of research.
This research area is predominantly concerned with the following focus areas outlined in the 
brief.
• Design for sites with underground hazards (including voids).
• Evaluation of the role of advanced numerical modelling and other geotechnical tools 
(e.g. geomatics).
Site investigation design for sites affected by contamination is a significant issue. As 
further regulation is applied for disposal at landfill (WAC) more testing will be required at early 
stages of the design. Sampling frequencies have been suggested in standards and codes of 
practice, however how applicable are these to the most current regulatory regime? What 
other research has been pushed forward in terms of sampling techniques? How do 
budgetary limits imposed on a project influence the effectiveness of the testing regimes used 
on site? An element of this work can be achieved in extension to the volume estimation 
research as noted in section 3.1.
• The design process from classification of waste (chemical and biological contaminants 
and geotechnical properties) through to selection of treatment methods.
Remediation Techniques -  although there is not scope to develop new techniques within 
the sponsoring company, there is scope for a much more detailed analysis of the techniques 
that are used in the UK, and those that are not. For the latter, the question must be raised as 
to why not? The initial literature review has highlighted the most common techniques. 
However a wealth of information and research is being developed on a global scale in this 
area, and warrants a more thorough investigation.
This area of research is directly related to the focus area raised in the brief:
• Remediation techniques available in, and applicable to the UK.
In achieving these research aims TGP business development will remain a key driver. The 
design projects that become available will form an integral part of the research.
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Appendix G contains an outline of the above projects, relating them directly to relevant 
sections of the brief.
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5.0 Summary
“Regenerating the brownfield: the development of methods and procedures for remediating 
previously used sites. ”
The development of brownfield land has been focused on by government through a focus on 
sustainable development. A target has been set for 60% of the 1.1 million new homes to be 
built by 2016 to be located on brownfield sites (Defra, 2005). This in itself offers an incentive 
for brownfield development. There are other drivers for development of brownfield land; 
financial or legislative requirements are two.
With respect to the current legislation and technical knowledge there are three main areas 
that have been considered in this report.
Contaminated land
• Regulatory drivers for development of brownfield land are essentially concerned with 
two scenarios: given the current use of the site significant harm is or could be caused 
to human health or controlled waters (Part IIA of Environmental Protection Act (1990)) 
or, a proposed future use of a site affected by contamination could lead to significant 
harm to human health or the wider environment (Town and County Planning). The 
latter is also concerned with the current use of the site and development activities.
• The regulatory regime has stepped away from the previous target-based approach 
that was present in ICRCL ‘trigger values’ and has moved towards a more risk-based 
approach. The new regime is centred on ‘pollutant linkages’ between a contaminant, 
pathway and receptor.
• EA and Defra guidance on how to assess the risk posed by a site uses the source- 
pathway-receptor model to produce soil guideline values for given contaminants. 
These are developed from toxicological data applied to a given set of site conditions 
and specific users of the site. This view incorporates all aspects of the underlying 
philosophy in order to produce site specific guidance values for soil contamination 
levels. The series of CLR Reports (CLR 7-11) outline the fundamentals behind the 
assessment and offer a framework for site assessment.
Remediation
• There are many drivers for remediation of contaminated land in the UK, essentially 
either regulative requirements or potential for financial gain.
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• The physical techniques have developed over the last decade, and a move away from 
‘dig and dump’ to process based techniques has been the most notable. The 
selection of remediation method is influenced by financial, regulatory and technical 
factors.
• The process based techniques available are based on either physical; chemical; 
biological technology or some combination of these. The techniques can be applied 
insitu or exsitu, and their applicability is predominantly affected by contaminant type 
and soil properties.
Waste Management
• The definition of waste is a complex issue. The basic definition of waste is “any 
substance or object in the categories set out in Annex I which the holder discards or 
intends or is required to discard’ (EC, 1975: amendment 91/156/EC). However the 
interpretation of this has been the topic of some debate. Most recently in reaction to 
the Van de Walle case heard in the European Court of Justice.
• The waste hierarchy identifies the preference for solutions to waste management as 
reduce, reuse, recover then as a last resort dispose. This can be applied to 
remediation of contaminated land, in the primary objective should be to design out 
waste to minimise the amount produced on site, and the last option should be to 
dispose of waste. The recovery of value to the land or material can be achieved 
through remediation processes.
• All remediation activities will be subject to a waste management licence (unless an 
exemption clause applies). These take the form of a site licence (less applicable to 
remediation activities as strict surrender procedures are required) or Mobile Plant 
Licence (MPL). The MPL is the preferred option for remediation activities, however 
currently does not apply to remediation of controlled waters. The EA are developing 
the ‘enhanced MPL’ which will incorporate these activities.
• The developments in the landfill regulations reflect the waste hierarchy and the 
preference to alternative waste management options. As of June 2004 the co­
disposal of waste in no longer permitted, and waste must now be classified and 
disposed of in an appropriate facility; hazardous, non-hazardous or inert. This is to be 
taken one step further and as of July 2005 Waste Acceptance Criteria (WAC) will be 
applied to all waste prior to acceptance in any landfill site. The WAC set limits on 
leaching values and other properties of the waste, to be tested prior to disposal.
The above sections outline the background for this research. The research projects 
embarked upon in this initial period and the proposed research areas are outlined below.
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Research projects
• Volume estimation; an assessment of methodologies for estimating volumes of 
contaminated soil requiring treatment. The accurate assessment of such volumes is 
essential to ensure efficient design, to reduce financial and environmental risks 
associated with discovery of contaminated soil onsite
• Dissemination of knowledge within a consultancy is essential as knowledge is the 
main asset of the company. Through sharing of knowledge the asset grows in value, 
as more people understand the issues and can apply the design techniques.
• Proposed research areas that have been identified through TGP requirements and 
literature review are as follows:
o Alternatives to landfill for material excavated in land affected by contamination.
o Risk analysis methodologies form the basis for the current legislative regime 
and best practice, as such is an essential area within contaminated land. 
Associated with this is the communication of risk to stakeholders, another 
issue to be addressed.
o Subsurface obstructions pose more technical engineering obstacles to the 
development of brownfield land, the use of numerical modelling techniques will 
be applied to these problems.
o Remediation techniques currently used in the UK and those developed in other 
countries that could be applicable to the UK system.
o Site investigation design for sites affected by contamination.
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6.0 Conclusion
It is clear from the literature review that the development of brownfield sites is a growing area 
of interest. The challenges posed by the legislative regimes need to be overcome for the 
long-term benefits of brownfield development to be realised. The literature review has 
highlighted the focus on risk based approaches to decision making, and how this offers an 
objective assessment of difficult issues. By breaking the problem down to the source- 
pathway-receptor model, it becomes clear where the potential for harm lies and solutions to 
removing the risk become more apparent. On issue that has not been addressed in this 
report is the communication of this risk to stakeholders, an area that can be considered in 
future research associated with risk assessment.
The main conclusions from this report take the form of proposed future research:
• Assessment of contaminated soil volume estimation methodologies to aid efficient
• Alternatives to landfill for material excavated on sites affected by contamination.
• Risk assessment methodologies and risk communication.
• Numerical methods for dealing with subsurface obstructions found on previously used
• Review of remediation technologies used outside of the UK with a view to assessing 
their applicability to the UK situation.
• Site investigation design for sites affected by contamination.
These will investigated and some selected for further study over the course of the research 
period, along with other areas that may become apparent along the way.
design.
land.
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7.0 Glossary
Brownfield land - This is land or premises that have been previously used or developed, 
also referred to as ‘previously developed land’. There is no inherent connection to 
contamination risks, although the land may be contaminated. The Planning Policy Guidance 
Note 3 (PPG 3) defines previously developed land as “land, which is or was occupied by a 
permanent structure (excluding agriculture or forestry buildings, associated fixed surface 
infrastructure)" (ODPM, 2000a). Some examples of the types of site that fall under this 
description are given by the Land Regeneration Network (LRN); “previously developed land 
which is now vacant, vacant buildings, or derelict land and buildingd’. (LRN, 2000).
Contaminated Land -  Essentially contaminated land is land that contains substances that 
are damaging to or pose risk to human health or the wider environment, given the current use 
of the site. It is defined in current legislation (discussed in Section 2.1.1), and is a form of 
‘land affected by contamination’ (i.e. land that is contaminated but neither identified under 
current legislation nor, assessed and given the current land use does not fall under legislation 
definition).
Derelict Land -  This is defined as “land that is so damaged by industrial or other 
development that it is incapable of beneficial use without treatment (DoE, 1988)
Greenfield Land -  This is any land that has not previously been developed, usually 
agricultural land.
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8.0 Abbreviations
CIRIA -  Construction Industry Research and Information Association
CLEA -  Contaminated Land Exposure Assessment
CLR -  Contaminated Land Report
Defra -  Department for Environment Food & Rural Affairs
DoE -  Department of the Environment
EA -  Environment Agency
EC -  European Council
EJC -  European Court of Justice
EWC -  European Waste Catalogue
GIS -  Geographic Information System
HMSO -  Her Majesty’s Stationary Office
ICRCL -  Interdepartmental Committee for the Redevelopment of Contaminated Land
IPC -  Integrated Pollution Control
LA -  Local Authority
LRN -  Land Regeneration Network
MPL -  Mobile Plant Licence
ODPM -  Office of the Deputy Prime Minister
Part IIA - Environmental Protection Act (Part IIA)
PPC -  Pollution Prevention and Control 
SGV -  Soil Guideline Values
StarNet - Stabilisation/solidification Treatment And Remediation Network 
TDI -  Tolerable daily intake
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TGP -  Tony Gee and Partners 
WAC -  Waste Acceptance Criteria
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Project Brief
Natalie Cropp
Research Project Description
The regeneration of urban areas requires the sustainable remediation of brownfield 
sites. In addition to the chemical and biological hazards that may exist on such sites, 
a major constraint to any remediation process is the existence of physical hazards. 
These may include buried structures, underground tanks, voids (particularly 
associated with former mining activities) spoil heaps, and poorly compacted fill 
material.
A further challenge in brownfield regeneration is the reduction of the waste volumes 
generally disposed of in landfill. This waste can be found on many sites as a bi­
product of the former site processes (e.g. spoil heaps in mining), or may be created 
by the remediation process - particularly from “dig and dump”, which is still a popular 
remediation option. Increasing landfill costs, reduction in landfill volume and new 
legislation means it is vital to find alternatives to this unsustainable disposal option.
This project will address the geotechnical problems associated with buried hazards 
and waste materials on brownfield sites. The work will investigate methods to 
overcome these hazards and reuse the waste, to enable redevelopment of the site.
A key focus of the research is to incorporate the waste material (through remediation 
and reuse) as a fundamental part of the design process for the redevelopment of the 
site. The research will include:
1. Assessment of current and new remediation techniques and their applicability for 
UK brownfield sites - in particular, former mining sites.
2. Assessment of underground hazards on brownfield sites, including voids, with 
particular reference to their impact on design.
3. Evaluating waste on brownfield sites with the aim of using the material onsite. 
This would include:
a) classifying the waste in terms of biological and chemical contaminants and 
its geotechnical properties,
b) determining appropriate remediation for the material so that it can be reused 
in situ
c) using appropriately treated waste material in geotechnical operations
The specifics of the research will be determined by ongoing projects within TGP, 
such as those listed above. An important part of the research will be to evaluate the 
role of advanced numerical modelling and other geotechnical tools (e.g. geomatics) 
in assessing various options during the design process for such brownfield sites.
Why the project is considered to be Environmental Technology:
The project is considered to be environmental technology due to its emphasis on 
brownfield regeneration to facilitate future development. This will be achieved by 
reducing brownfield waste for landfill by remediating and reusing the material onsite 
and incorporating it within the design process. This will also reduce the need for high 
quality geotechnical material to be quarried and transported to sites for backfilling 
voids. The project will therefore help promote the sustainable development of 
brownfields, which is central to UK land use policies.
Description o f the areas o f originality in the project:
Incorporation of former waste material within the design process for site development 
represents the originality of this research project. Generally, remediation is 
considered separately from the site development, thus losing the potential for 
designing with the waste material and avoiding the need for landfill disposal.
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TABLE A - CATEG ORIES OF SIGNIFICANT HARM
Type of Receptor Description of harm to that type of 
receptor that is to be regarded as 
significant harm
1 Human beings Death, disease, serious injury, genetic 
mutation, birth defects or the impairment of 
reproductive functions.
For these purposes, disease is to be taken 
to mean an unhealthy condition of the body 
or a part of it and can include, for example, 
cancer, liver dysfunction or extensive skin 
ailments. Mental dysfunction is included 
only insofar as it is attributable to the 
effects of a pollutant on the body of the 
person concerned.
In this Chapter, this description of 
significant harm is referred to as a "human 
health effect".
2 Any ecological system, or living organism
forming part of such a system, within a
location which is:
• an area notified as an area of special 
scientific interest under section 28 of the 
Wildlife and Countryside Act 1981;
• any land declared a national nature 
reserve under section 35 of that Act;
• any area designated as a marine nature 
resen/e under section 36 of that Act;
• an area of special protection for birds, 
established under section 3 of that Act;
• any European Site within the meaning of 
regulation 10 of the Conservation (Natural 
Habitats etc) Regulations 1994 (ie Special 
Areas of Conservation and Special 
Protection Areas);
• any candidate Special Areas of 
Conservation or potential Special 
Protection Areas given equivalent 
protection;
• any habitat or site afforded policy 
protection under paragraph 13 of Planning 
Policy Guidance Note 9 (PPG9) on nature 
conservation (ie candidate Special Areas 
of Conservation, potential Special 
Protection Areas and listed Ramsar sites); 
or
any nature reserve established under
section 21 of the National Parks and
For any protected location:
• harm which results in an irreversible 
adverse change, or in some other 
substantial adverse change, in the 
functioning of the ecological system within 
any substantial part of that location; or
• harm which affects any species of 
special interest within that location and 
which endangers the long-term 
maintenance of the population of that 
species at that location.
In addition, in the case of a protected 
location which is a European Site (or a 
candidate Special Area of Conservation or 
a potential Special Protection Area), harm 
which is incompatible with the favourable 
conservation status of natural habitats at 
that location or species typically found 
there.
In determining what constitutes such harm, 
the local authority should have regard to 
the advice of English Nature and to the 
requirements of the Conservation (Natural 
Habitats etc) Regulations 1994.
In this Chapter, this description of 
significant harm is referred to as an 
"ecological system effect".
Access to the Countryside Act 1949.
3 Property in the form of:
• crops, including timber;
• produce grown domestically, or on 
allotments, for consumption;
• livestock;
• other owned or domesticated animals;
• wild animals which are the subject of 
shooting or fishing rights.
For crops, a substantial diminution in yield 
or other substantial loss in their value 
resulting from death, disease or other 
physical damage. For domestic pets, 
death, serious disease or serious physical 
damage. For other property in this 
category, a substantial loss in its value 
resulting from death, disease or other 
serious physical damage.
The local authority should regard a 
substantial loss in value as occurring only 
when a substantial proportion of the 
animals or crops are dead or otherwise no 
longer fit for their intended purpose. Food 
should be regarded as being no longer fit 
for purpose when it fails to comply with the 
provisions of the Food Safety Act 1990. 
Where a diminution in yield or loss in value 
is caused by a pollutant linkage, a 20% 
diminution or loss should be regarded as a 
benchmark for what constitutes a 
substantial diminution or loss.
In this Chapter, this description of 
significant harm is referred to as an 
"animal or crop effect".
4 Property in the form of buildings.
For this purpose, "building" means any 
structure or erection, and any part of a 
building including any part below ground 
level, but does not include plant or 
machinery comprised in a building.
Structural failure, substantial damage or 
substantial interference with any right of 
occupation.
For this purpose, the local authority should 
regard substantial damage or substantial 
interference as occurring when any part of 
the building ceases to be capable of being 
used for the purpose for which it is or was 
intended.
Additionally, in the case of a scheduled 
Ancient Monument, substantial damage 
should be regarded as occurring when the 
damage significantly impairs the historic, 
architectural, traditional, artistic or 
archaeological interest by reason of which 
the monument was scheduled.
In this Chapter, this description of 
significant harm is referred to as a "building 
effect".
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T A B L E  B - S IG N IF IC A N T  P O S S IB IL IT Y  O F  S IG N IF IC A N T  H A R M
Descriptions Of 
Significant Harm 
(As Defined In 
Table A)
Conditions For There Being A Significant 
Possibility Of Significant Harm
1 Human health effects 
arising from
• the intake of a 
contaminant, 
or
• other direct 
bodily contact 
with a
contaminant.
If the amount of the pollutant in the pollutant linkage in 
question:
• which a human receptor in that linkage might 
take in,
or
• to which such a human might otherwise be 
exposed, as a result of the pathway in that 
linkage, would represent an unacceptable intake 
or direct bodily contact, assessed on the basis 
of relevant information on the toxicological 
properties of that pollutant.
Such an assessment should take into account:
• the likely total intake of, or exposure to, the 
substance or substances which form the 
pollutant, from all sources including that from 
the pollutant linkage in question;
• the relative contribution of the pollutant linkage 
in question to the likely aggregate intake of, or 
exposure to, the relevant substance or 
substances; and
• the duration of intake or exposure resulting from 
the pollutant linkage in question.
The question of whether an intake or exposure is 
unacceptable is independent of the number of people 
who might experience or be affected by that intake or 
exposure.
Toxicological properties should be taken to include 
carcinogenic, mutagenic, teratogenic, pathogenic, 
endocrine disrupting and other similar properties.
2 All other human 
health effects 
(particularly by way 
of explosion or fire).
If the probability, or frequency, of occurrence of 
significant harm of that description is unacceptable, 
assessed on the basis of relevant information 
concerning:
• that type of pollutant linkage, or
• that type of significant harm arising from other 
causes.
In making such an assessment, the local authority 
should take into account the levels of risk which have 
been judged unacceptable in other similar contexts and 
should give particular weight to cases where the 
pollutant linkage might cause significant harm which:
• would be irreversible or incapable of being 
treated;
• would affect a substantial number of people;
• would result from a single incident such as a fire 
or an explosion; or
• would be likely to result from a short-term (that 
is, less than 24-hour) exposure to the pollutant.
3 All ecological system 
effects.
If either:
• significant harm of that description is more likely 
than not to result from the pollutant linkage in 
question;
or
• there is a reasonable possibility of significant 
harm of that description being caused, and if 
that harm were to occur, it would result in such a 
degree of damage to features of special interest 
at the location in question that they would be 
beyond any practicable possibility of restoration.
Any assessment made for these purposes should take 
into account relevant information for that type of 
pollutant linkage, particularly in relation to the 
ecotoxicological effects of the pollutant.
4 All animal and crop 
effects.
If significant harm of that description is more likely than 
not to result from the pollutant linkage in question, 
taking into account relevant information for that type of 
pollutant linkage, particularly in relation to the 
ecotoxicological effects of the pollutant.
5 All building effects If significant harm of that description is more likely than 
not to result from the pollutant linkage in question 
during the expected economic life of the building (or, in 
the case of a scheduled Ancient Monument, the 
foreseeable future), taking into account relevant 
information for that type of pollutant linkage.
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Abstract
This report covers the period from 1st April 2005 to 31st September 2005. During this 6 month 
period a variety of activities have been undertaken; predominantly work for TGP live projects 
and research. This report describes each of these activities in some detail. The research 
that has been embarked upon this period has been concerned with the development of tools 
to estimate volumes of contaminated soil to be treated on a site. The coming 6-months will 
focus heavily on research to produce a solution to the problem of volume estimation for sites 
with immobile contamination issues. The second focus area will be risk assessment 
methodologies, and the use of interaction matrices for contaminated land assessment. Other 
projects have been identified as having potential for development at a later date.
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1.0 Introduction
This report covers the period from 1st April 2005 to 31s1 September 2005, and has included a 
range of activities. The majority of this period has been split between TGP live projects and 
research work. Appendix C shows how the time has been split on different activities over the 
last year, as well as an overview of how this fits into the 4-year project plan.
There has been one core module in the last 6 months, “Hands On Audit” looking at the 
process of environmental auditing.
1.1 Research Projects
The progress report set the scene for research and highlighted a number of areas for 
potential development. Work into volume estimation methodologies has developed over the 
last six months with three alternative methods of volume assessment considered; Surfer 8, 
grid and logic test and areas of influence. Each is described in some detail in Section 2.0, 
along with the limitations and potential for further development of each. The ultimate aim is to 
compare all of these methods, along with ArcGIS work started in the first 6-month period and 
other simplified methods.
A number of relevant projects have been undertaken by TGP in the last 6-month period. 
These projects have involved contaminated land risk assessment and waste management.
Nottingham DTC Building: Contaminated land risk assessment for design stage.
Rosyth Tender: Tender for a highway design involving contaminated land risk assessment 
and waste management
Falkirk Tender: tender for a framework agreement with Falkirk Council to complete 
contaminated land assessments under Part IIA of the Environmental Protection Act (1990).
A summary of the work undertaken for these projects has been included in his report; copies 
of the reports produced have been included in the portfolio.
In addition to the project work, general environmental business development and progress 
towards ISO14001 accreditation of the environmental management system at TGP, has also 
been included in this period
1.2 TGP Work
Natalie Cropp
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2.0 Current Research
Progress Report 1 introduced a number of research projects that have been developed over 
the current 6-month period. Appendix B shows how the proposed research areas address 
the interest points noted in the original brief. The majority of the research work undertaken 
has been focussed on volume estimation techniques. Other areas of interest that were 
identified in the previous progress report have been considered and are presented in Section
2.1 Volume estimation
This research has been focused on the methods used to estimate the volume of material to 
be remediated on contaminated sites, based on typical site investigation data. In terms of the 
overall EngD project brief the following elements are considered:
• Design for sites with chemical contamination, biological contamination and physical
• Developing ways in which waste volumes that arise in the construction process can be 
reduced through design stage modifications.
• The design process from classification of waste (chemical and bioloical contaminants 
and geotechnical properties) through to selection of treatment methods.
Background to Research
There are a number of drivers to minimise the amount of waste arising from contaminated 
land projects, not least financial. The primary driver for this research was, originally, the need 
for accurate estimations of contaminated material for the purpose of costing the excavation 
and removal of that material; dig and dump. The application of the research could be much 
more widespread and include other remediation techniques, and in some cases other aspects 
of contaminated land design. The need for accurate estimation of volume for costing 
purposes remains.
In the past the most cost effective option for dealing with such contaminated material was to 
simply ‘dig and dump’ (Rivett, etal., 2002), with little drive to minimise volumes of material as 
the process then, was very cost effective. The availability of landfill suitable for contaminated 
soil has declined dramatically since the ban on co-disposal of waste, as disposal sites need 
to apply for new licensing.
The aim of this research is to optimise the assessment the extent of contamination and thus 
improve the ability of the designer to estimate the volume of material to be treated. With 
optimal assessment of the material on site, the design of the remediation programme can be
4.0.
hazards.
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targeted to treat only the areas that require it, and thus potentially reduce the associated 
costs.
There are a number of issues that can be addressed to improve the assessment of material 
volumes, from the initial gathering of site data through to the selection of remediation 
technologies. Some of the key issues are associated with:
• Site investigation: sampling strategies; frequency and location of sampling within 
budgetary constraints.
• Data analysis: method of interpolation of results to estimate the contamination of 
areas not sampled, and calculation of associated uncertainties. Also appropriate 
methods of interpolation between sample points given the physiochemical properties 
of the contaminant under consideration.
• Remediation strategy: selection of appropriate remediation strategies to deal with the 
contamination, including contingencies for undiscovered contamination.
This research has focused on the method of analysis of site investigation data. E Hellawell et 
al. have completed some research in this area, concerned specifically with the use of GIS 
raster techniques in assessing contaminated soil volumes (Hellawell E et al., 2001). This 
research looked at a variety of spatial analysis techniques in order to estimate the volume of 
contaminated material to be excavated, the recommendations of the paper were that the GIS 
raster technique be developed to aid decision making in not only the volume of material to 
excavate, but also in the application of process based remediation. Research has 
progressed since this publication, not only in methods to estimate volumes of material but 
also to address the other key issues noted above. Demougeot-Renard and De Fouquet 
(2004) have recently published research into geostatistical approaches to assess soil 
volumes requiring remediation and have validated the techniques against Lead-polluted sites 
in Switzerland (Demougeot-Renard and De Fouquet, 2004). In this paper the environmental 
risks associated with incorrect estimation of contaminated soil volumes are highlighted along 
with the financial risks. In this research stochastic simulations form the foundation for the 
geostatistical methodology used, allowing both the contaminant levels and the uncertainty to 
be predicted across the site. Parsons and Frost (2002) note that the latter is not commonly 
accepted across the geotechnical community. Their research is concerned more with 
geotechnical parameters, however the principle remains; data used to assess the properties 
for the ground “represent 1/100,000 or less of the total volume of the soit' (Parsons and Frost, 
2002) and consequently significant uncertainty exists as to the actual properties of the 
remaining soil volumes. There is a clear issue with inferring data from small data points and 
applying it across large volumes of material however this is the best method available for 
establishing the contamination levels across a site. In tender designs the information may be 
even more limited than final designs but the need to estimate volumes remains. In cases
6
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where there is such a high level of uncertainty there is a clear need for transparent and 
logical methods to ensure that the design is defendable and to allow risk based costing. This 
is even more true in contamination testing as ‘hot spots’ of certain contaminants that can 
occur in relation to events in the past that may or may not be documented, and are easily 
missed in site investigations. It is proposed by Parsons and Frost (2002), that an assessment 
of the uncertainty and quality of the site investigation plan be used as additional information 
to aid design decision-making.
Objectives for research
The aim for this research is to assess a range of volume estimation techniques The series of 
approaches are to be developed and tested against site data. There is also potential to 
produce a theoretical test site to allow detailed assessment of the accuracy of each 
approach.
Work to date
The following diagram (Figure 1) gives an overview of this research. The boxes in green 
have been completed and the remaining areas of work are shown in yellow.
The methods of volume estimation that have been addressed thus far are:
• ArcGIS
• Surfer v8
• Areas of influence
• Grid and logic test
Natalie Cropp
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ArcGIS
GIS offers a tool for displaying and analysing spatial relationships between data points. The 
details of the capabilities and workings of GIS were included in Progress Report 1. This 
method has not progressed significantly since the last progress report, as such is not 
discussed here.
Surfer v8
The programme:
Surfer allows data to be plotted and displayed in 
a number of ways; data points, contour plots and 
3-dimentional surfaces constitute the three basic 
options; variations and combinations of these are 
also available. Multiple maps can be overlain or 
stacked to present different data sets together.
Areas within a surface and volumes between 
surfaces can be calculated, making the 
programme ideal for this research. To create a 
map data points are interpolated to produce 
regular grid using one of a number of 
interpolation methods including:
• Inverse Distance to Power: a weighted average interpolator
• Krigging: a geostatistical gridding method
• Modified Shepherds Method: weighted least squares method
• Radial Basis Functions:
• Triangulation with Linear Interpolation:
• Nearest neighbour
• Moving Average 
Approach:
The method used for volume calculation followed 4 steps;
1. The observed data was interpolated to produce a regular grid and then contour 
lines plotted.
Natalie Cropp
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2. An appropriate allowable concentration level was selected for the contaminant, 
typically an SGV.
3. The contour plot was adjusted to show the areas where the observed 
concentration was greater than the selected allowable concentration.
4. The areas of the site exceeding the allowable concentration value were 
calculated, and then multiplied by a depth value.
The method was initially applied to a real, small site, which contained just 8 data points. On 
of the contaminants with elevated concentrations was lead.
This procedure was also developed using 3D surfaces to allow the user to visualise the 
distribution of contamination across a site. The contour plot was converted to a 3D surface 
(x-y co-ordinates with concentration on the z axes), and the allowable concentration level 
converted to a horizontal plane (see Figure 2 below).
Figure 2: Surfer 3D Plot of Lead Concentration vs Allowable Concentration
These plots can only be used for area calculation, as the z direction is a measure of 
concentration not depth. In the portions where the observed concentration surface exceeds 
the allowable concentration, the observed concentration surface can be projected down onto 
the allowable plane (essentially producing a contour plot as noted above) it is this area that is 
the actual area on site affected by elevated contamination levels.
As with all of these methods the depth dimension presents a complication that can only be 
solved with qualitative judgement by the engineer. This is discussed further below.
Limitations and development:
The main limitation for this method is associated with the interpolation method used, as this 
needs to be appropriate for the type of contamination concerned. Immobile contaminants,
10
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such as the heavy metals, would need to be treated differently to the soluble contaminants 
that form plumes (such as BTEX or PAH). Interpolation techniques are based on some form 
of relationship between data points and in the case of heavy metal contamination this basic 
assumption is flawed. This means that the method is only really applicable for mobile 
contaminants.
The problem then moves to the assessment of the interpolation technique that offers the most 
accurate plot. To assess this method a dummy set of data is proposed as the basis for 
comparison. ‘Samples’ can then be taken from the dummy site and interpolated to produce 
plots of the site contamination. This can then be assessed numerically for its accuracy for 
replicating the dummy site data. One system for doing this would be to use the Statistics 
Package for Social Sciences (SPSS) to give r2 values as a measure of similarity. An 
alternative comparison using real data would be to remove specific data points, run the 
interpolation and then compare the interpolated value to the actual value.
An area of variability that has not been considered so far is in the allowable concentration 
value used. The initial model used a horizontal plane and so a constant value across the site. 
In reality this may not be the most accurate method of assessment. Some areas of the site 
may be effectively capped by hard standing and others open for landscaping. The different 
land uses would permit different allowable contamination levels. Surfer has the flexibility to 
deal with this variation.
In the case where multiple contaminants are elevated across the site the affected areas can 
be overlain, Figure 3 below shows this on a site plan, however the actual data cannot be 
analysed as the contaminants used are immobile and so not appropriate for interpolation. A 
further problem still to be explored is that of the boundary conditions, this is an issue for all 
methods and is discussed below.
Figure 3: Surfer 3D Plot of Lead Concentration vs Allowable Concentration
Natalie Cropp
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Grid and logic test
Approach:
To deal with the problem of immobile contamination an alternate approach is required. This 
method looks at the problem from a practical point of view allowing for risk-based decision­
making.
The site is first overlain by a regular gird, the size of which is determined by the smallest 
practical area that can be treated. In the simplest case with excavation and removal of the 
material, the grid dimensions would be the size of a typical digger bucket. For each block a 
series of logic questions can be asked with the aim of determining whether that particular 
area requires treatment. The answers do not necessarily have to be black and white; a score 
can be attributed to each block based on the answers of a number of questions. This would 
allow a risk-based decision to be made on the volume of material to treat. The following 
example illustrates how this could be applied.
Figure 4 below shows the outline of the site, the borehole locations and the overlain grid. The 
grid area has been kept to 20m to simplify the procedure during development; this would be 
reduced when the process is tested more thoroughly.
Figure 4: Site Plan used in Grid and Logic Test Method.
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Clearly some of the blocks contain data and others do not; for those that do the question is 
simple; is the level of contamination above the allowable limit for the site? The challenge 
comes in dealing with those blocks that do not have data, and this is the area that is to be 
developed further. There is a wide rage of data that can be used to aid this assessment, 
these include:
• Historical land use
• Borehole logs describing the material - and commonality between contaminated 
material and material that has not been tested but has been described. This would be 
particularly useful in made ground when establishing the source of the material is 
essential.
• Closeness to test data showing elevated contamination levels -  care must be used in 
applying statistical techniques to look at relationships between data points that simply 
do not exist.
Other applications
The method could be adapted to the site investigation stage where decisions are made on 
the location of boreholes and testing. Another application would be to consider the waste 
disposal issues, looking at just the areas of the site that will need to be excavated during 
construction and assessing the potential for reuse of material or simply the cost of disposal.
Development:
There are a number of challenges and opportunities for this method, such as:
o Boundary conditions would need careful considerations and a question arises as to 
whether it is necessary to take samples outside of the site boundary.
• A statistical approach may be applied to assess how the influence of data points 
diminishes with distance from the data point. However care must be taken in applying 
statistical analysis to look for relationships between data points that may not exist.
• The process lends itself to computer programming to produce a usable tool to 
complete the assessment.
Area of Influence
This method offers a simple tool to assess the volumes of material. It is based on the idea 
that a sample point is representative of the material surrounding it. The method is as follows:
Natalie Cropp
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1. Sample points are plotted across the site
2. The data points are connected to form triangles 
covering the site
3. The mid point of each of these connecting lines is 
joined to form a polygon around the sample point, 
creating an area of influence. The area of 
influence of the sample points does not cover 
some parts of the site; these areas are split up 
using the centroid as the interception point.
The final product of this exercise is a patchwork effect across the site with observed 
concentrations from sample test data applied to each area. The calculation of the total 
affected area can then be completed. Figure 5 below shows how this method has been 
applied to real site data, so far. The shaded areas in the figure below are not attributed to 
any borehole. The centroid of these areas will be used to split the area between surrounding 
boreholes.
Figure 5: Areas of Influence Method Applied to Site Data 
Limitations and development
This method is straightforward, doesn’t require any complex interpolation and is therefore 
extremely easy to apply. However there are a number of limitations to the method.
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• The boundaries of the site need careful consideration, as the amount of data available 
often diminishes at the boundaries. There is also the problem that data outside of the 
boundary is rarely available and so extrapolation of the areas is required to meet the 
boundary line.
• The more data points available the better, however there will inevitably be some areas 
of the site that do not have sufficient coverage. This may significantly under or over 
estimate the volume, depending on the test results available.
• Practical treatment areas would need to be overlain to be able to better assess the 
actual volume to be treated, and also estimate the associated costs.
• Comparison with other methodologies, and possibly on application on a fictional site, 
would better show the real implication of the similplicy of the method.
Other methods
To compare a number of estimation methods effectively other methods could be brought in;
Percent contaminated: By estimating the percentage of each borehole that is contaminated, 
and applying that to the whole site, a general value can be gained for the volume to be 
treated. The obvious draw back is that the location of the material to be removed would not 
be known.
Area around borehole: Simply a set radius around the borehole as the area affected by that 
test result, and assume that all material that falls outside of this does not require treatment. 
The radius set could be related to the material in the borehole and the level of contamination.
General Developments
The research carried out in this period has identified three main issues; firstly the method of 
assessing the depth dimension, secondly the boundary conditions and thirdly the appropriate 
interpolation of immobile contaminants. The former could be dealt with simplistically by 
simply taking the depth of the sample as the depth for excavation, however this is unlikely to 
be representative of the depth of contaminated material. A better solution would be to look at 
the strata that is affected by the contaminant and take the depth of excavation/treatment to be 
the base of that layer. This issue is one that requires qualitative assessment and needs 
careful consideration before inclusion into any of the methodologies.
The boundary condition issue affects the methods that use the boreholes as the focus of the 
assessment, i.e. all but the grid and logic test method that focuses on the site as a whole. 
The methods that use the data points as a focus will require data points close to, or even 
outside of the site boundary to complete the assessment. Without these data points,
Natalie Cropp
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extrapolation of information is required, which requires an element of judgement. This issue 
will be given further consideration.
Mobile contaminants lend themselves to methods that use interpolation techniques much 
more freely than the immobile contaminants, simply as it is easier to see a statistical 
relationship between data points connected by a fluid medium. The immobile contaminants 
cause much more of a challenge for designers and assessors. The decision to take only one 
method through to completion, at this stage at least is partly based on this challenge. The 
method that offers a simple solution for assessing immobile contaminants is the most 
interesting and the most useful. For this reason the immediate research focus for the coming 
period shall be the grid and logic test method.
Natalie Cropp
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3.0 TGP Work
Three main live projects have been worked on this period, Nottingham DTC Building, Rosyth 
Tender and Falkirk Tender and all have involved contaminated land assessment in some 
form. In addition to the project work other activities have included; progression towards 
ISO14001 accreditation for TGP and dissemination of knowledge within the company.
3.1 Project Work: Contaminated Land Risk Assessments
All of the projects worked on this period have involved some form of contaminated land 
assessment.
Nottingham DTC: a proposed hospital development to be constructed on a site with 
contamination, mainly heavy metals. The main involvement in this project has been in 
completing the contaminated land risk assessment based on previous and new 
investigations, and advising on the disposal of contaminated waste.
Rosyth: a tender design for a highway to be constructed north east of the Firth of Forth in 
Scotland. The site passes through a former naval base and over contaminated land. The 
main input to this project was a contaminated land risk assessment based on previous site 
investigation data and historical information as no new investigations were scheduled for the 
tender design. The process included discussions with the Scottish Environmental Protection 
Agency. The conceptual model for the site has been included in Appendix D.
Falkirk: a tender proposal for the methodologies that would be used in completion of the 
contaminated land risk assessments and investigations required of the council under Part IIA 
of the Environmental Protection Act (1990). The product of working on this project was a 
report outlining the process of contaminated land risk assessment and the capabilities of 
TGP. Extracts of this report have been included in Appendix E.
3.2 Other TGP Activities
Tony Gee and Partners (TGP) is continuing to work towards ISO14001 accreditation for their 
Environmental Management System (EMS), with the final stage of the assessment due to be 
completed in November 2005. The work undertaken this period in assisting with the 
development of the EMS has involved a range of activities. The most prominent has been 
establishing and communicating environmental legislation applicable to TGP internal 
workings and project work. Other activities include; lunchtime seminars, intranet layout 
design, internet links, use of alternative materials, investigating the use of recycled content in 
materials as recommended by WRAP, attending EIC meetings, investigating The Carbon 
Trust energy reduction and Envirowise initiatives for water and energy saving.
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An important role of the research within the company involves keeping up to date on relevant 
environmental matters and communicating these with other engineers. The main media for 
such interactions are the company intranet, lunchtime seminars and technical notes; all of 
which have been utilised thus far. A development that will be coming in the near future is the 
companies move to alternative knowledge management and the use of a ‘Wiki’ system. The 
‘Wiki’ system is an interactive web based encyclopaedia that allows any user to add 
information and discuss topics of interest, quickly and easily. The ‘Wiki’ system will enable 
this research to be much more accessible to all within the company improving the benefits to 
TGP.
Natalie Cropp
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4.0 Proposed Research
A number of possible projects were raised in the first progress report, some of which were 
highlighted as having particular current interest to all parties. The following section outlines 
the work to be carried out over the coming 6 months and beyond.
4.1 Volume Estimation
Completion of the research to date in the initial period, as described above.
4.2 Risk Assessment
-  The current legislative regime and industry best practices are based on risk assessment; 
the very fundamental philosophy of dealing with contaminated land has its routes in this topic. 
Interaction Matrices is a tool used in rock engineering used to bring together a number of 
variables that can affect rock stability. In this tool all of the varying parameters related to the 
key topic (problem - blue) are written along the diagonal (green) with their interaction 
described/scored in the matrices surrounding them (yellow), see Figure 6 below.
T o ta l ra tin g  
fo r
p a ra m e te r
Parameter
Score
Problem
Humans
Ecology
Contamination
Site Use
Risk
Figure 6: Overview of Interaction Matrices 
Two potential scoring methods could be:
• Score Method 1; use expert opinion to put numbers to the relative importance of 
influences.
• Score Method 2; find governing equations to calculate the influence.
The main questions addressed in this research will be: How can all of the influencing factors 
be brought together in a single tool for the assessment of contaminated land? How is a single 
number produced? Is it right to do reduce the problem to just one number?
Natalie Cropp
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4.3 Hazardous Waste Assessment
Waste is assessment is ‘hazard based’ rather than ‘risk based’ as used in contaminated land 
assessment. The criteria are complex, and there is a potential need for a tool to assess 
whether material is hazardous or not and what the classifications will be for disposal to 
landfill.
A | B | C D E F G
1 C ontam inated so il: is it hazardous?
2
3
4
5
6
Hazard class Concentration
Contam inant H1 mq/kq
7
8
9
10 
11 
12
L im it % w/w
13 Tota l Observed %
14
15
16
Hazardous?
Specific  properties
17
18
19
The main questions addressed in this research will be: What is the class of material being 
disposed of? How can this be assessed? How is it related to all the other assessment 
criteria to be used (waste class / SGV’s / Landfill operators requirements / specifications)? 
What tools already exist in the market place?
4.4 Other Interesting Topics
A number of other interesting topics have been noted in the previous progress report and 
developed in this period. A brief outline of these potential projects is given below in the prom 
of research questions that could be addressed should the topics be taken on further. It 
should be noted that there is a need for further literature reviews and assessment of potential 
knowledge gaps with these topics before they can be investigated fully.
Legislation Change and Assessment Criteria
Research Questions; Does it matter what assessment criteria are used? Would the site 
have the same classification regardless of the changes in legislation (or even if it were in 
another country)? Can International assessment criteria be applied in the UK and are they 
valid? Further questions could be relating to the interaction of different assessment regimes: 
waste acceptance criteria and contaminated land assessment are two examples.
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Scotland vs England and Wales
Research Question; TGP are involved both north and south of the boarder and a particular 
interest to the company would be the differences in practices and acceptable activities in the 
two countries. Do SEPA and the EA entirely agree or are there differing opinions on 
acceptable activities between them?
Current Practice: Contaminated Land Assessment
Research Question; How are different consultancies interpreting the guidance for 
assessment of contaminated land? Would it make a difference which company was asked to 
carry out the assessment (classification of material and ultimately cost)?
A questionnaire could be used to gather information from a range of companies and 
engineers. Is there a difference in the way that different disciplines (chemists / ecologists / 
engineers / environmental scientists) look at the problem of contaminated land and how is the 
guidance applied in reality?
Site Investigation Design
Research Question: How many boreholes are required and how many tests should be 
carried out to supply sufficient information to complete a risk assessment? What is the cost- 
benefit relationship? Can screening tests be effectively used as a stage one investigation, 
and what are the techniques available?
Lab Test Results
Research Question; How accurate are the test results received by consultants, and what is 
the implication of the variability in results to the classification of a site? If the concentration 
levels reported are + -10%, for example, what difference would this make?
Knowledge Based Systems
Research Question; What is the current knowledge base and how can knowledge be 
captured and distributed through the company?
Natalie Cropp
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5.0 Summary
This period has covered both TGP live projects and research work. The former has 
predominantly involved contaminated land risk assessments and has highlighted the need for 
comprehensive, transparent design tools. The research undertaken in this period has been 
based on volume estimation techniques; one aspect of contaminated land design. The 
techniques that have been considered are:
- ArcGIS: introduced in the first progress report, but not progressed significantly this 
period
- Surfer v8: interpolation methods used to produce graphical representations of the 
extent of contamination, and calculations of areas of the site affected by elevated 
contamination levels. The technique is applicable to mobile contaminants only and is 
yet to be fully tested.
- Areas of influence: a simplified method heavily reliant on the number of data points 
available. The process requires refinement and application to wider site data.
- Grid and logic test: to attempt to deal with the problem of immobile contamination a 
methodology has been suggested that involves the site being overlain by a regular 
grid and then assessed in blocks. The assessment is based on a number of criteria to 
identify the likely level of contamination of material. This method requires 
development and testing against site data.
All of the above methods are geared to produce areas of the site that are affected by 
contamination. To calculate the volumes of material and so the cost of treatment, the depth 
dimension needs to be assessed. It has been noted that this will require qualitative 
assessment of the sample depth and material logged in the boreholes taken on site.
The prominent areas of research that have been identified for development are:
- Risk assessment using interaction matrices to bring together all of the influencing 
parameters in contaminated land risk assessment.
- Waste characterisation and the interaction between this and the testing required for 
contaminated land assessment.
Other interesting topics have been listed and many be developed in the future.
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6.0 Conclusion
This period has covered both live projects and research work, alongside other activities 
related to more general environmental and business development matters. The range of 
activities covered, have built on the knowledge gained in the first 6-month period and 
highlighted development opportunities for the next.
Volume estimation is a real and challenging issue, especially for the immobile contaminants 
where established interpolation techniques can not be applied. An alternative solution will be 
looked at through the grid and logic test methodology proposed in this report. The other 
methods investigated (ArcGIS, Surfer and areas of influence) provide a range of theories that 
can be compared.
Volume estimation is one part of the process of dealing with contaminated land, and the tools 
suggested here may be adaptable to other areas, such as site investigation design. The 
other projects suggested will also be looked at, and the next priority will be risk assessment 
using interaction matrices. As with this period, other areas of interest and potential projects 
may immerge and will be considered on their own merits and developed as appropriate.
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7.0 Abbreviations
CIRIA -  Construction Industry Research and Information Association
CLEA -  Contaminated Land Exposure Assessment
CLR -  Contaminated Land Report
Defra -  Department for Environment Food & Rural Affairs
DoE -  Department of the Environment
EA -  Environment Agency
EC -  European Council
EJC -  European Court of Justice
EWC -  European Waste Catalogue
GIS -  Geographic Information System
HMSO -  Her Majesty’s Stationary Office
ICRCL -  Interdepartmental Committee for the Redevelopment of Contaminated Land
IPC -  Integrated Pollution Control
LA -  Local Authority
LRN -  Land Regeneration Network
MPL -  Mobile Plant Licence
ODPM -  Office of the Deputy Prime Minister
Part IIA - Environmental Protection Act (Part IIA)
PPC -  Pollution Prevention and Control 
SGV -  Soil Guideline Values
StarNet - Stabilisation/solidification Treatment And Remediation Network 
TDI -  Tolerable daily intake 
TGP -  Tony Gee and Partners
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WAC -  Waste Acceptance Criteria
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Surrey/Brunei EngD in Environmental Technology
Regenerating the brownfields : the development of methods and 
procedures for remediating previously used sites for future development
Project description, including a statement of the aims:
The regeneration of urban areas requires the sustainable remediation of brownfield 
sites. In addition to the chemical and biological hazards that may exist on such sites, 
a major constraint to any remediation process is the existence of physical hazards. 
These may include buried structures, underground tanks, voids (particularly 
associated with former mining activities) spoil heaps, and poorly compacted fill 
material.
A further challenge in brownfield regeneration is the reduction of the waste volumes 
generally disposed of in landfill. This waste can be found on many sites as a bi­
product of the former site processes (e.g. spoil heaps in mining), or may be created 
by the remediation process - particularly from “dig and dump", which is still a popular 
remediation option. Increasing landfill costs, reduction in landfill volume and new 
legislation means it is vital to find alternatives to this unsustainable disposal option.
This project will address the geotechnical problems associated with buried hazards 
and waste materials on brownfield sites. The work will investigate methods to 
overcome these hazards and reuse the waste, to enable redevelopment of the site.
A key focus of the research is to incorporate the waste material (through remediation 
and reuse) as a fundamental part of the design process for the redevelopment of the 
site. The research will include:
1. Assessment of current and new remediation techniques and their applicability for 
UK brownfield sites - in particular, former mining sites.
2. Assessment of underground hazards on brownfield sites, including voids, with 
particular reference to their impact on design.
3. Evaluating waste on brownfield sites with the aim of using the material onsite. 
This would include:
a) classifying the waste in terms of biological and chemical contaminants and 
its geotechnical properties,
b) determining appropriate remediation for the material so that it can be reused 
in situ
c) using appropriately treated waste material in geotechnical operations
An important part of the research will be to evaluate the role of advanced numerical 
modelling and other geotechnical tools (e.g. geomatics) in assessing various options 
during the design process for such brownfield sites.
The project is considered to be environmental technology due to its emphasis on 
brownfield regeneration to facilitate future development. This will be achieved by 
reducing brownfield waste for landfill by remediating and reusing the material onsite 
and incorporating it within the design process. This will also reduce the need for high 
quality geotechnical material to be quarried and transported to sites for backfilling 
voids. The project will therefore help promote the sustainable development of 
brownfields, which is central to UK land use policies.
Incorporation of former waste material within the design process for site development 
represents the originality of this research project. Generally, remediation is 
considered separately from the site development, thus losing the potential for 
designing with the waste material and avoiding the need for landfill disposal._______
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Geotechnics and Environmental
TENDER DOCUMENT
F a l k i r k  C o u n c i l :  F r a m e w o r k  A g r e e m e n t  f o r  
C o n t a m i n a t e d  L a n d  S u r v e y
(C/N: Dev/004/05)
Falkirk Wheel: Award Winning Project for Tony Gee and Partners
Tony Gee and Partners
Consulting Civil, Structural, Geotechnical and Mechanical Engineers
Calder House
Ellismuir Way
Tannochside Park
Uddingston
G71 5QA
United Kingdom
Tel +44 (0)1932 868277 
Fax +44 (0)1932 866003 
www.tgp.co.uk
Falkirk Council: Framework Agreement for Contaminated Land Survey
Tender Document
August 2005 Tcny Coo ond Poitncra
The ultimate aim of the contamination survey will be to classify sites in the Falkirk area 
in accordance with the Contaminated Land Regulations (Scotland) (2000) and Part IIA 
of the Environmental Protection Act (1990) (referred to as Part IIA). In order to achieve 
this aim, each location would be considered separately with a specific scope of works 
tailored to fit to the site’s unique requirements.
The general approach to assessing the state of contamination of any site would include 
the following key elements (please note that the actual scope for works for each site is 
likely to vary in detail).
1. Desk Study -  essentially a review of the available information relating to the site 
including the physical properties of the land and the past and present site uses. 
Consultation with external regulatory and other interested parties would also be 
included in this phase of the work.
2. Site Visits -  including an initial site walkover to support the Desk Study and 
visits to site to oversee any intrusive ground investigations.
3. Conceptual Model -  identification of potential sources, pathways and receptors; 
initially based on the Desk Study information, and developing as additional 
information is gathered through any intrusive ground investigation.
4. Ground Investigations -  intrusive ground investigation will be designed based on 
the information gathered in the Desk Study and site walkover. Testing and 
monitoring of soil, water and gas samples from the site will be carried out as 
required.
5. Reporting and Recommendations -  The data will be reported in two phases; 
firstly at the end of the Desk Study, including recommendations for further 
investigations and monitoring. Secondly, to report on the findings of any 
intrusive site work, including final recommendations.
The assessment of the state of contamination of any site is inherently unique. It should 
be noted that whilst the above approach does encompass the general activities 
required for a contaminated land assessment, the scope of works for each site will vary 
in detail. The following diagram shows the main activities included at each stage of the 
assessment.
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3 . S T A G E  O N E  IN V E S T I G A T I O N !
The scope for a Stage One Investigation will be as listed in the Tender Specification,
from “1 Review of existing information” to “N. Conclude information and recommend
further action“. As indicated in the above diagram the investigation would be split into 
three phases;
i. Desk Study (including site walkover)
ii. Conceptual Site Model
iii. Initial Risk Assessment.
The investigation will culminate in a Stage One Investigation Report, which will include 
recommendations for any Stage Two Investigations required. The detail of work at this 
stage will be dependent on the specific sites concerned: size, significance, known 
industrial uses and sensitivity to environmental issues, would be some of the factors 
taken into consideration.
3.1 Desk Study
A desk study, along with a thorough reconnaissance of the site (see site walkover study 
details in Section 4), is an essential prerequisite for any project. It is an effective way of 
identifying potential hazards associated 
with the site and helps to target any further 
investigations. Completion of the Desk 
Study allows the development of a 
conceptual model of the site, which is 
progressively refined during each 
successive stage of the investigation.
The information available for Desk Studies 
can consist of a wide variety of data 
obtained from many different sources.
Items such as Landmark maps and, 
especially relevant to the Falkirk area, Coal Authority Mining Reports, are likely to be 
incorporated. When looking for potential sources of contamination the history of the site 
plays a significant part. Once the uses of the site have been identified the investigation 
can then be focussed on the most likely contaminants. This information can be added 
to the physical properties of a site (geology, hydrology etc) to produce a conceptual site 
model.
3.2 Conceptual Site Model
Risk from contaminated land is assessed through ‘source -  pathway -  receptor’ 
linkages, referred to as ‘pollutant linkages’. The purpose of the conceptual model is to 
identify the elements of the pollutant linkages that exist on the site; this would also 
include consideration of the surrounding area. In the Stage One Investigation the 
information used to produce a conceptual model will be that identified in the Desk 
Study.
I
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The elements required to make up a pollutant linkage are defined in detail in Part IIA; 
the following is a simplification of those definitions.
Source: Hazardous substance in or beneath 
the ground that could cause harm to a 
receptor.
Pathway: The means by which a hazardous 
substance or agent comes into contact with, 
or otherwise affects, a receptor.
Receptor: Someone or something that is 
vulnerable to the adverse effects of the 
hazardous substance, present on the site.
The groups of receptors to be considered are defined in Part IIA.
3.3 Initial Risk Assessment
For a risk of significant harm to exist all three elements of the pollutant linkage must be 
present. The initial risk assessment would consider both existing significant pollutant 
linkages and potential significant pollutant linkages as required by the Part IIA definition 
of contaminated land. It is likely that the initial risk assessment will be predominantly 
qualitative, unless sampling data from a previous investigation is available for the site. 
Details of the risk assessment process are given in Section 5.
3.4 Stage One Investigation Report
The Stage One Investigation Report will incorporate details of the investigations carried 
out, the conceptual model for the site and initial risk assessment. The main focus of 
this report will be to make an assessment as to whether the site falls under the Part IIA 
definition of ‘contaminated land’, and recommendations for Stage Two Investigations if 
required.
SOURCE J | 
I.e. contaminant S i
x Cpa th w a y
E.g. consumption of soil
RECEPTOR | 
E.g. human being !
i iipiifjify ffw r tm rr.m iTTi P
»cny Goo end Partners
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4 . S T A G E  T W O  IN V E S T IG A T IO N S
4.1 Method of Approach
For the sites that require further investigation to determine their classification under Part 
IIA, a second stage of investigation will be designed. The scope for Stage Two will be 
an intrusive ground investigation, followed by an assessment report. The Stage Two 
investigation will be based on the findings of the Stage One Investigation, targeting 
identified areas of concern. The Stage One conceptual model and risk assessment will 
be revisited based on the Stage Two results. Laboratory testing of soil and 
groundwater samples would also be included in this Stage.
4.2 Site Work
Site Clearance -  This is assumed to be general clearance of above-ground materials 
for access to the site.
Site Walkovers -  This will normally be included in the Desk Study part of Stage One 
Investigations. Our procedure for walkovers has the following stages:
• Obtain available site data and site plan(s)
• Determine objectives of the visit
• Obtain permission for site access
• Complete a site visit hazard checklist
• Ensure all PPE is taken and used
• On-site, take photographs and notes
• On leaving, re-instate any site security measures
• Write site visit report
Intrusive ground investigations -  This phase of the site work will fall under the Stage 
Two Investigation. Intrusive ground investigations will be designed based on the Desk 
Study information by TGP. It is essential that the work carried out on site produces 
representative data to permit a meaningful risk 
assessment. Site supervision during the sampling process 
allows for flexibility in the sampling strategy, allowing 
targeted sampling.
The design procedure will also incorporate a waste 
management strategy to deal with the potential 
environmental impact associated with Site Investigation 
work. This may include management of water discharges 
and other waste arising form the investigation work.
In cases where little existing information is available a phased approach to the site work 
may be employed. An initial screening phase would be used to establish any areas of 
the site that are of particular concern, and then a more detailed targeted phase of 
investigations can be implemented. TGP would look to a sub-consultant to carry out 
the site works and would supply site supervision including;
• Borehole checking
• Directing sampling locations
Page 7
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• Location of monitoring wells
• Monitoring of controlled waters where appropriate
• Gas well monitoring where appropriate
• On site waste management for water other waste produced
The proposed sub-contractor to carry out the investigation works would be Ritchies. 
Details of the services available are outlined below.
On-site Monitoring - Apart from monitoring any surface changes on-site, the emphasis 
would be on groundwater quality and changes with time, as this is the main pathway 
with the potential to affect adjacent properties. Dissolved parameters can be monitored 
by means of a ‘flow-through’ cell, and by an interface probe for hydrocarbons (LNAPLs). 
Groundwater samples would be taken by an appropriate sampling method: preferably 
by peristaltic tubing, otherwise by bailer or Waterra tubing. Gas monitoring wells may 
also be used as required. Monitoring requirements will be assessed on a site by site 
basis.
Use of High Tech Equipment-This is not envisaged to be a common requirement, as 
most sites should have an expected and limited range of ground conditions and 
contaminants. However, specialist work may be appropriate for ‘difficult’ sites, such as 
any former nuclear or biological sites. In any case where there is a need for the use of 
‘high-tech’ equipment on site TGP would supply site supervision for the works, and 
would call upon one of a number of specialist suppliers to carry out the works. 
Examples could be the use of Ground Probing Radar for buried structures or the use of 
a LIF cone for LNAPLS used during Cone Penetration Testing.
4.3 Proposed Sub Contractors: Ritchies
Tony Gee and Partners are consulting 
engineers, and will work closely with a 
contracting company to complete any 
intrusive ground investigation works. To 
complete the site work it is our intention to use Ritchies; a division of Edmund Nuttall 
Ltd. Ritchies have been in operation since the early 1960’s and since 1978 they have 
been a fully operational subsidiary company of Edmund Nuttall Ltd. Through the 1980’s 
Ritchies developed as an exploratory drilling contractor, to the then British Coal, the 
devision of Edmund Nutall has since grown form strength to strength.
A Scottish company by origin, Ritchies now have offices across the UK and Ireland. 
The Scottish base is in Glasgow, just a few miles from Falkirk. This makes the 
company ideally placed as a local expert to assist with any geo-environmental 
investigations required. As with any of our sub-contractors, TGP would work closely 
with them to establish the most effective investigation strategy and testing regime for 
each site.
All of the site work will be completed in accordance with current standards. Health and 
Safety plans for each site will be drawn up once details of the site have been made 
available The Ritchies Quality and Environmental accreditations are as follows.
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Ritchies is one of very few contractors with both UKAS Laboratory accreditation and 
ISO 9001:2000. The company is one of only twelve contractors in the UK with British 
Drilling Association Grade A classification.
The Ritchies Quality Management System (QMS) is Lloyds registered to ISO9001: 
2000, with it encompassing every aspect of Ground Engineering, Ground Investigation, 
Laboratory Testing and Drilling & Blasting.
Ritchies Quality Management System links with the Edmund Nuttall Management 
Manual. This describes the scope of operations within Ritchies and defines the 
proceedures to be followed to manage the company effectively and to comply with 
ISO9001:2000 and ISO14001:1996.
The nature of Ritchies business, which ranges from short duration ground investigations 
to more complex geotechnical tasks and to partnering agreements for Drilling and 
Blasting services, is covered by either Departmental Management Plans or Project 
Management Plans. These incorporate the health and safety and quality and 
environment aspects of projects.1
Tony Coe ond Pof Irser*
1 http://www.edmund-nuttall.co.uk/ritchies.html
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5 . R IS K  A S S E S S M E N T
: : . ,
m m w ' ;
5.1 Method of Approach
Risk is fundamental to the current approach to contaminated land assessment in the 
UK. This approach moves away form the old ICRCL Trigger Levels used as generic 
levels of contamination deemed to be unacceptable. The approach now looks to a 
more site-specific assessment which considers more than just the absolute 
concentrations of contaminants.
A risk assessment can be one of two types: either qualitative, or quantitative. The 
qualitative assessment would use the historic records and site walkover to give the 
present surface conditions, while the remaining desk study data would the reveal the 
probable sub-surface conditions. These would be combined into a Conceptual Site 
Model, from which the likely contamination sources, pathways and receptors would be 
determined. The most important of these three components on most sites is the 
pathway, and particularly via the groundwater, which may affect sources of drinking 
water and the environmental quality of other controlled waters.
It is possible that, for some sites, such an initial assessment is all that would be 
required. This is because if no contamination linkage is likely, then a Stage Two 
Investigation (and a more detailed quantitative assessment) may not be justified, or it 
may be delayed on a priority basis. However, where there is the possibility of harm 
from the site, then a Stage Two Investigation would be required.
The site and laboratory data from the Stage Two 
investigation would be mapped across the site and 
then used to refine the initial Conceptual Site Model.
Once the appropriate linkages had been decided, the 
data would be fed into a quantitative model such as 
CLEA, the P20 model from SEPA, or the RBCA 
program, as appropriate. These models are outlined 
below.
The CLEA model is restricted to a limited range of soil contaminants (and there is 
already debate about some of those published Guideline Values). The Values are for 
generic use and thus suitable for every site, however the software version can be 
customised to model site-specific conditions.2 Wherever possible the CLEA software 
will be used to produce site specific guideline values. The CLEA Model only considers 
human health effects form long-term exposure to contamination.
The P20 model is solely for assessing the risk, from a contaminated site, to surface 
water and groundwater. The model was published by SEPA in 1999, and a software 
version was made available. The model can provide both generic and site-specific 
‘clean-up’ targets for a range of contaminants, although it does need appropriate values 
for various parameters.
2 DETR Circular 2/2000. HMSO, England
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The RBCA software model can deal with a range of soil and water contaminants 
simultaneously, so it is a versatile and useful program. However some default 
parameters must be changed to suit UK conditions.
The SNIFFER Framework is used to derive targets to reduce adverse human effects 
from long-term exposure to contaminants in soil, using paper-based methodology. The 
Framework only considers the chronic health effects of human exposure to 
contaminants. It does not consider controlled waters. The main limitation to this method 
is that the user must input all toxicological information for the contaminants on the site, 
making the process much more complex than for other methods. We expect that the 
SNIFFER Framework is unlikely to be used unless specific client requirements 
necessitate it.
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Abstract
This report covers the period from 1st October 2005 to 31st March 2006. During this 6- 
month period a variety of activities have been undertaken; predominantly work for TGP 
live projects and research. This report describes each of these activities in some detail. 
The research that has been embarked upon this period has been concerned with the 
development a tool to estimate volume of contaminated soil to be treated on a site with 
consideration to the certainty associated with the available data. The coming 6-months 
will focus heavily on research to produce a solution to the problem of volume estimation 
for sites with immobile contamination issues.
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1.0 Introduction
This report covers the period from 1st October 2005 to 31st March 2006, and has included 
a range of activities. The majority of this period has been split between TGP live projects 
and research work. Appendix C shows how the time has been split on different activities 
over the last 18-months, as well as an overview of how this fits into the 4-year project 
plan.
There have been three core module in the last 6 months; “Environmental Auditing and 
Management Systems” looking at the application of Environmental Management, a short 
course on “Writing a Scientific Paper” and finally “Environmental Law”.
1.1 Research Projects
The 12-month progress report set the scene for research and highlighted a number of 
areas for potential development. Work into volume estimation methodologies has 
developed over the last six months looking to develop one method of volume 
assessment; grid and logic test. This is described in some detail in Section 2.0, along 
with the limitations and potential for further development. The ultimate aim is to compare 
all of the methods developed to date.
A number of relevant projects have been undertaken in TGP in the last 6-month period. 
The majority of these projects have required geotechnical designs that deal with physical 
obstructions in the ground left form previous developments.
Shell: completion of contamination reports for monitoring work conducted Summer 2005.
Park Plaza Hotel: Geotechnical design work for basement deepening avoiding existing 
sub-structure.
Snow Hill Station: Geotechnical design for excavation and construction of a new entrance 
to an existing station. Complex arch structures underlie the existing rail line and need to 
be modelled appropriately.
Silken Hotel: Geotechnical design work for a basement deepening as part of new hotel 
construction. Design was complicated by the existing structures that require protection 
during the works.
A summary of the work undertaken for these projects has been included in Section 3.0 of 
this report.
In addition to the project work, general environmental business development and 
progress towards ISO14001 accreditation of the environmental management system at 
TGP (now awarded) has also been undertaken.
1.2 TGP Work
Natalie Cropp
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2.0 Current Research
Progress Report 2 discussed a number of research projects, one of which has been 
developed over the current 6-month period. Appendix B shows how the proposed 
research area addresses the interest points noted in the original brief. The research work 
undertaken has been focussed on a volume estimation technique.
2.1 Volume estimation
This research has been focused on the methods used to estimate the volume of material 
to be remediated on contaminated sites and is based on typical site investigation data. In 
terms of the overall EngD project brief the following elements are considered:
• Design for sites with chemical contamination, biological contamination and 
physical hazards.
• Developing ways in which waste volumes that arise in the construction process 
can be reduced through design stage modifications.
• The design process from classification of waste (chemical and biological 
contaminants and geotechnical properties) through to selection of treatment 
methods.
Background to Research
There are a number of drivers to minimise the amount of waste arising from contaminated 
land projects, not least financial. The primary driver for this research was, originally, the 
need for accurate estimations of contaminated material for the purpose of costing the 
excavation and removal of that material; dig and dump. The application of the research 
could be much more widespread and include other remediation techniques, and in some 
cases other aspects of contaminated land design. The need for accurate estimation of 
volume for costing purposes remains.
In the past the most cost effective option for dealing with such contaminated material was 
to simply ‘dig and dump’ (Rivett, et ai, 2002,), with little drive to minimise volumes of 
material as the process then, was very cost effective. The availability of landfill suitable 
for contaminated soil has declined dramatically since the ban on co-disposal of waste, as 
disposal sites need to apply for new licensing.
The aim of this research is to optimise the assessment the extent of contamination and 
thus improve the ability of the designer to estimate the volume of material to be treated. 
With optimal assessment of the material on site, the design of the remediation 
programme can be targeted to treat only the areas that require it, and thus potentially 
reduce the associated costs.
Natalie Cropp
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There are a number of issues that can be addressed to improve the assessment of 
material volumes, from the initial gathering of site data through to the selection of 
remediation technologies. Some of the key issues are associated with:
• Site investigation: sampling strategies; frequency and location of sampling within 
budgetary constraints.
• Data analysis: method of interpolation of results to estimate the contamination of 
areas not sampled, and calculation of associated uncertainties. Also appropriate 
methods of interpolation between sample points given the physiochemical 
properties of the contaminant under consideration.
• Remediation strategy: selection of appropriate remediation strategies to deal with 
the contamination, including contingencies for undiscovered contamination.
This research has focused on the method of analysis of site investigation data. E 
Hellawell et a l have completed some research in this area, concerned specifically with 
the use of Georaphical Information System (GIS) raster techniques in assessing 
contaminated soil volumes (E Hellawell etal., 2001). This research looked at a variety of 
spatial analysis techniques in order to estimate the volume of contaminated material to be 
excavated, the recommendations of the paper were that the GIS raster technique be 
developed to aid decision making in not only the volume of material to excavate, but also 
in the application of process based remediation. Research has progressed since this 
publication, not only in methods to estimate volumes of material but also to address the 
other key issues noted above. Demougeot-Renard and De Fouquet (2004) have recently 
published research into geostatistical approaches to assess soil volumes requiring 
remediation and have validated the techniques against Lead-polluted sites in Switzerland 
(Demougeot-Renard and De Fouquet, 2004). In this paper the environmental risks 
associated with incorrect estimation of contaminated soil volumes are highlighted along 
with the financial risks. In this research stochastic simulations form the foundation for the 
geostatistical methodology used, allowing both the contaminant levels and the uncertainty 
to be predicted across the site. Parsons and Frost (2002) note that the latter is not 
commonly accepted across the geotechnical community. Their research is concerned 
more with geotechnical parameters, however the principle remains; data used to assess 
the properties for the ground “represent 1/100,000 or less of the total volume of the soil' 
(Parsons and Frost, 2002) and consequently significant uncertainty exists as to the actual 
properties of the remaining soil volumes. There is a clear issue with inferring data from 
small data points and applying it across large volumes of material however this is the best 
method available for establishing the contamination levels across a site. In tender 
designs the information may be even more limited than final designs but the need to 
estimate volumes remains. In cases where there is such a high level of uncertainty there 
is a clear need for transparent and logical methods to ensure that the design is 
defendable and to allow risk based costing. This is even more true in contamination 
testing as ‘hot spots’ of certain contaminants that can occur in relation to events in the 
past that may or may not be documented, and are easily missed in site investigations. It
6
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is proposed by Parsons and Frost (2002), that an assessment of the uncertainty and 
quality of the site investigation plan be used as additional information to aid design 
decision-making.
Objectives for research
The overall aim for this research is to assess a range of volume estimation techniques. 
The series of approaches are to be developed and tested against site data. There is also 
potential to produce a theoretical test site to allow detailed assessment of the accuracy of 
each approach.
Work to date
The following diagram (Figure 1) gives an overview of this research. The boxes in green 
have been completed and the remaining areas of work are shown in yellow.
The methods of volume estimation that have been addressed thus far are:
• ArcGIS
• Surfer v8
• Areas of influence
• Grid and logic test
Natalie Cropp
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GRID AND LOGIC TEST
To deal with the problem of immobile contamination an alternate approach is required. 
This method looks at the problem from a practical point of view allowing for risk-based 
decision-making through a computer-based tool.
Approach:
The site is overlain by a regular gird then for each cell within the grid, a series of logic 
questions can be asked with the aim of determining whether that particular area is 
classed as contaminated. The answers do not necessarily have to be black and white; a 
score can be attributed to each cell based on the answers of a number of questions. This 
will allow a risk-based decision to be made on the volume of material to treat. The 
following example illustrates how this could be applied.
Figure 2 below shows the outline of the site, the borehole locations and the overlain grid. 
The grid area has been kept to 20m to simplify the procedure during development; this 
would be reduced when the process is tested more thoroughly.
Figure 2: Site Plan used in Grid and Logic Test Method.
Clearly some of the cells contain data and others do not; for those that do the question is 
simple; is the level of contamination above the allowable limit for the site? Although a 
secondary question must also be asked; how representative is the test result of the total 
cell volume? The main challenge comes in dealing with those cells that do not have data, 
and this is the area that is to be developed further. There is a rage of data that can be 
used to aid this assessment, these include:
•  Land use -  historical gives an indication of potential contamination sources, 
future/present will give information on the risk to humans from contamination.
Natalie Cropp
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• Borehole logs describing the material - and commonality between contaminated
material and material that has not been tested but has been described.
Particularly useful in made ground in establishing the source of the material.
• Closeness to test data showing elevated contamination levels -  care must be 
used in applying statistical techniques to look at relationships between data points 
that simply do not exist.
General Issues
The research carried out previously identified three main issues; firstly the method of 
assessing the depth dimension, secondly the boundary conditions and thirdly the 
appropriate interpolation of immobile contaminants. The former could be dealt with 
simplistically by taking the depth of the sample as the depth for excavation; however this 
is unlikely to be representative of the depth of contaminated material. A better solution
would be to look at the stratum that is affected by the contaminant and take the depth of
excavation/treatment to be the base of that layer. This issue is one that requires 
qualitative assessment and needs careful consideration before inclusion into any of the 
methodologies.
The boundary condition issue affects the methods that use the boreholes as the focus of 
the assessment, i.e. all but the grid and logic test method that focuses on the site as a 
whole. The methods that use the data points as a focus will require data points close to, 
or even outside of the site boundary to complete the assessment. Without these data 
points, extrapolation of information is required, which requires an element of judgement.
Mobile contaminants lend themselves to methods that use interpolation techniques much 
more freely than the immobile contaminants, simply as it is easier to see a statistical 
relationship between data points connected by a fluid medium. The immobile 
contaminants cause much more of a challenge for designers and assessors. The 
decision to take only one method through to completion, at this stage at least is partly 
based on this challenge. The method that offers a simple solution for assessing immobile 
contaminants is the most interesting and the most useful.
Recent Development:
A number of developments in this procedure have been made over the last 6 months. 
The following process flow diagram (Figure 3) illustrates how the method now stands.
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Land Uses
Past - type and location of 
contamination, 
present/future allowable 
contamination levels
Site Investigation
General data
j
SITE DATA y — I
Site Investigation
Chemical testing
INITIAL ASSESSMENT
Boundary Conditions
To ensure all relevant sources of 
contamination and all potentially 
affected receptors are identified, 
conditions outside of the site must 
be assessed and boundaries 
defined accordingly.
Zone & Grid Site
Zoning primarily based on land use.
DETAILED ASSESSMENT
Assess Certainty
Two key aspects;
1. The certainty that the soil is 
contaminated,
2. The certainty / availability of data -
actual test data versus interpolated data
Assess Data
All site data is plotted on the site. 
Chemical testing can be used to 
validate the information available on 
site history and the contaminants 
associated with it.
Combine results
The data will be plotted to show areas 
of contaminated land and areas where 
data is limited.
OUTPUT £
Output
A volume of material to be remediated and 
an indicator of the certainty of that result.
Figure 3: Process Flow Diagram of Grid and Logic Test Method
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There are a number of issues to be addressed at each stage of the assessment:
DATA INPUT
The process has now been focussed on giving the most useful output for designers. It 
has been recognised that the estimation of volumes of contaminated material is as 
important as the certainty of the result. The more information is known about the site the 
more accurate the prediction of contamination will be; hence the collection of input data is 
critical.
Site Investigation Data (general and chemical): A key information source is site 
investigation data. This data is obtained by: digging holes (boreholes and trial pits etc), 
noting the geological strata and taking samples of soil, groundwater and gasses for 
chemical testing. The result of the site investigation is contamination levels being known 
at discrete locations across a site. Analysis of both the qualitative and quantitative data 
allows us to gauge the level of contamination across the whole site.
INITIAL ASSESSMENT
The issues surrounding boundary conditions have been discussed above. Available data 
outside of the site boundaries is rare so a practical approach for dealing with this is 
required. Boundaries can be defined by their proximity to potential ‘sources’ of 
contamination or vulnerable ‘receptors’. This information will initially be supplied as 
supplementary output to allow the assessor/designer to make a judgement as to its 
relevance.
Zoning will allow for a more efficient assessment as some areas of a site will be more 
important than others depending on the current or proposed land use. It will also help to 
define the allowable contaminant concentration levels, Soil Guideline Values (SGV’s) to 
be applied to the site.
The size of the grid will be affected by; the smallest practical area that can be treated, 
how representative a data point is of the surrounding material, interpolation techniques 
and the amount of data available. In the simplest case with excavation and removal of 
the material, the minimum grid dimensions would be the size of a typical digger bucket. 
However care must be taken not to over refine a site grid and to ensure this does not 
affect the assessment of certainty.
DETAILED ASSESSMENT
In terms of assessing mobile contaminant data, it is possible to assume that there is a 
relationship between known data points that are connected by a fluid medium. Problems 
arise in interpreting data for more immobile contaminants (such as lead, arsenic and 
cyanide). In these cases other sources of information need to be brought in to the 
assessment, such as historical information about the site and the source of any fill 
material / made ground.
Natalie Cropp
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The certainty assessment must incorporate two key issues. Firstly, the certainty that a 
chemical test result can be classified as contaminated or not, based on the ratio of the 
result to the allowable limit (SGV for example) and acceptable margins of variability on 
the result. For example if the allowable limit for a contaminant is 5mg/kg of soil, and a 
test result shows a concentration is 6mg/kg then can that one sample be used to classify 
the site as contaminated? If the test result was 100 mg/kg then the certainty that the 
sample was contaminated is much greater. Some investigation into this aspect of sample 
analysis has been undertaken at Sussex University and will be incorporated into the 
model (M FI Ramsey and A Argyraki, 1997). Secondly, the availability of data and the 
proportion of the site where no information is available and so contamination levels are 
unknown.
OUTPUT
The output of the process will combine an assessment of the volume of material classed 
as contaminated, and the certainty of this result. The method by which certainty is 
assessed is still to be fully explored. The advantage of such an output is that the 
assessment of contingency funds for remediation will be more robust. In addition to this 
the improvement in certainty that can be achieved through additional site investigation 
data can be assessed. The following chart (Figure 4) shows how the output may look. 
The ideal line represents absolute certainty of the maximum volume of contaminated 
material; however this circumstance is highly unlikely in reality.
Probability the actual volume 
is less than or equal to Vm3
1.0 (i.e. certain 
actual is less 
than or equal to
Ideal line
Probability line
Contaminated Volume
0.0 (i.e. certain 
actual is MORE 
than V)
B mA m Cm Maximum 
volume of site
Figure 4: Certainty Output
USE OF MINESWEEPER LOGIC
The tool will be developed using similar logic to the “Minesweeper” computer game. 
“Minesweeper” is a single player computer game where the player must clear the
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minefield without exposing a mine. The risk of ‘hitting’ a mine is given as a number for 
each location on a grid. The risk of ‘hitting’ contamination in the new tool will be 
evaluated based on all of the available information. An important aspect of the tool and 
research will be an assessment of the certainty associated with the available information.
Other applications
The method could be adapted to the site investigation stage where decisions are made 
on the location of boreholes and testing. Another application would be to consider the 
waste disposal issues, looking at just the areas of the site that will need to be excavated 
during construction and assessing the potential for reuse of material or simply the cost of 
disposal.
Natalie Cropp
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3.0 TGP Work
Three main live projects have been worked on this period, Park Plaza Hotel, Snow Hill 
Station and Silken Hotel and all have involved dealing with physical obstructions 
associated with previously developed land. In addition to the project work other activities 
have included final stages of ISO14001 accreditation for TGP (now awarded) and 
dissemination of knowledge within the company.
3.1 P ro je c t W o rk : D e a lin g  w ith  P h y s ic a l O b s tru c t io n s
All of the projects worked on this period have involved technical design issues arising 
from existing structures on brownfield sites being used for new development. Below is a 
summary of each project highlighting the technical issues that were overcome.
PARK PLAZA HOTEL
This hotel development is located in central London and involved the demolition of the 
existing hotel and construction of a new one in its place. TGP were working with a 
contractor on a tender design for the foundations and sub-structure of the new building 
(i.e. all parts of the new development to be constructed below ground level). The works 
incorporated; construction of a continuous piled wall around the perimeter of the building 
acting as a retaining structure and partially supporting the vertical loads form the main 
building, subsequent deepening of the existing basement and general pile foundation 
design to support the main structure. A continuous piled wall is a wall made up of a 
series of piles drilled such they interlock forming a continuous wall beneath ground level
The existing structure had been constructed with piled foundations and a continuous piled 
wall around the perimeter of the building. The main issue was to assess the clash of new 
piles with existing ones, and look to minimise the impact on construction. By moving the 
position of the new building within the site boundaries the number of pile clashes was 
reduced. A traffic light system was used to indicate the severity of the clashes (from miss 
to complete clash) and from this the optimum position of the new building was found. The 
existing pile foundations could not be reused in the design as the new basement was 
much deeper that the existing and consequently the piles for the existing building would 
be exposed and not have sufficient depth remaining to support the new structure.
SNOW HILL STATION
The station improvement involves the construction of a new entrance to the station. 
Existing arch structures beneath the rail lines and the proximity of the platforms makes 
the process of excavating for the new entrance very complex. The main involvement has 
been in designing the construction sequence and temporary support structures required 
to allow stable excavations. The analysis of the retaining structures used a programme 
called WALLAP. The programme has two modes of calculation, firstly a simple force 
equilibrium calculation and secondly finite element analysis where by the wall is modelled
Natalie Cropp
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as a beam and the surrounding soil as a series of springs. The following figures show a 
section through the excavation and an isometric view of the interaction of the structures. 
WALLAP is only capable of modelling one wall at a time, and so the interaction between 
the walls had to be interpreted and input manually to different models. This limitation 
could have been overcome with the use of a more complex programme however this 
would have been much more time consuming and impractical for this project. Figure 5a 
and Figure 5b below show a section through the excavation and Figure 6 gives a 3- 
dimensional view of the excavation.
It is clear to see that there are a number of structures interacting in this case, making the 
modelling process difficult. The sequence of construction was the overriding factor to 
ensure acceptable movements and stability of the surrounding railway lines.
Sheet pile wall
49.79 49.74
49.63
Crest of arch 
(highest point)
Contiguous 
piled wall "
Figure 5a: Section through Snow Hill Station excavation, before excavation
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Wall supports 
(props & anchor)
Figure 5b: Section through Snow Hill Station excavation after excavation is complete
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SILKEN HOTEL
This project was very similar to Park Plaza insofar as existing structures were to be 
demolished prior to a new hotel complex being constructed. The involvement of TGP 
was in the design of the sub-structure at detailed design stage. This involved the 
construction of a new contiguous piled wall around the perimeter of a deepened 
basement and piled foundations within it. A contiguous piled wall is made up of a series 
of piles constructed next to one another with a small gap between them; this is then 
sealed after excavation has taken place. The existing buildings to be demolished were of 
differing ages; one was constructed in 1903 and included a brick fagade that needed to 
be preserved during the new construction, and the second from the 1950’s. Both had 
existing basements; however the basement levels were different, with the 1950’s being 
approximately 3 meters deeper. The task of designing the temporary works and the 
perimeter piled wall fell with TGP. A finite element programme, PLAXIS, was used to 
model the construction of the new basement. The main issue in this project was 
designing a structure that satisfied the movement criteria set by the client to protect the 
1903 brick fagade.
The programme used to carry out this analysis was much more sophisticated than 
WALLAP used in the Snow Hill Station project. Primarily the model was able to assess 
the interaction of a number of structures in a single model and take account of the long­
term movement of the ground under loading as groundwater pressures dissipate; known 
as consolidation. However as noted previously, the more sophisticated models are much 
more time consuming to set up and run.
3 .2  O th e r  T G P  A c t iv it ie s
Tony Gee and Partners (TGP) has now been awarded ISO14001 accreditation for the 
Environmental Management System (EMS). The work undertaken this period in assisting 
with the development of the EMS has involved a range of activities. The most prominent 
has been establishing and communicating environmental legislation applicable to TGP 
internal workings and project work. Other activities include; lunchtime seminars, 
promoting the use of alternative materials and investigating the use of recycled content in 
materials as recommended by Waste Resources Action Programme (WRAP).
An important role of the research within the company involves keeping up to date on 
relevant environmental matters and communicating these with other engineers. The main 
media for such interactions are the company intranet, lunchtime seminars and technical 
notes; all of which have been utilised thus far. A development that has just been 
launched in association with companies move to alternative knowledge management is 
the use of a ‘Wiki’ system, “TGPedia”. The ‘Wiki’ system is an interactive web based 
encyclopaedia that allows any user to add information and discuss topics of interest, 
quickly and easily. The ‘Wiki’ system will enable this research to be much more 
accessible to all within the company improving the benefits to TGP. Figure 7 below 
shows a screen shot of a typical TGPedia page.
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Address http7/tgpedia/wiki/index.php/'BS_8500_and_IAN_74 
1— ■ ..... ..... ....  .... ........... ■1 ---  ----- 1 1 -
▼] ^6o Links >y 
--------------------- ___________ * \
navigation
■ Principles
■ Codes
■ Products
■ Software
■ Projects
■ Groups
■ Marketing
tools
■ Main Page
■ Recent changes
■ Random page
■ Help
search
Go Search
toolbox
« What links here
■ Related changes
■ Upload file
• Special pages
■ Printable version
article discussion ed it history
BS 8500 and IAN 74
C on ten ts  [hide]
1 Principal Implications of Interim Advice Note 74/06 Regarding the Use of 8S8500
1.1 Introduction
1.2 Summary
1.2.1 Exposure classes
1.2.2 Cover and Fixing Tolerances
1.2.3 Intended Working Life
1.2.4 Interaction with BS5400
1.3 Additional Information
Principal Implications of Interim Advice Note 74/06 Regarding the Use of BS8500
Introduction
The following is a summary of IAN 74/06 entitled "Revised Guidance Regarding the use of BS8500 for the Design and Construction of 
Structures Using Concrete", which supersedes IAN 58/04. Please note this is applicable to Highway Structures.
Affected standards include:
* BS 8500-1: 2002 - Concrete, Complementary British Standard to BS EN 206-1. Method of specifying and guidance for the specifier
■ BS 8500-2; 2002 - Concrete. Complementary British Standard to BS EN 206-1. Specification for constituent materials and concrete
• BS 5400-4: 1990 - Steel, concrete and composite bridges. Code of practice for design of concrete bridges
Summary 
Exposure classes
> Deck soffits and Omnia planks -  exposure class XD1
[edit]
[«d,t]
zJ
Figure 7: Section Screen shot of TGPedia
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4.0 Proposed Research
A number of possible projects were raised in the first progress report, some of which were 
highlighted as having particular current interest to all parties. The following section 
outlines the work to be carried out over the coming 6 months and beyond.
4.1 V o lu m e  E s tim a tio n
Completion of the research to date in the initial period, as described above.
4 .2  R is k  A s s e s s m e n t
The current legislative regime and industry best practices are based on risk assessment; 
the very fundamental philosophy of dealing with contaminated land has its routes in this 
topic. Interaction Matrices is a tool used in rock engineering used to bring together a 
number of variables that can affect rock stability. In this tool all of the varying parameters 
related to the key topic (problem - blue) are written along the diagonal (green) with their 
interaction described/scored in the matrices surrounding them (yellow), see Figure 3 
below.
□  [ Total rating for
parameter
5 Parameter
Score
P r o b le m
Humans
t _ _ | Ecology
Contamination
Site Use
Risk
Figure 3: Overview of Interaction Matrices 
Two potential scoring methods could be:
• Score Method 1; use expert opinion to put numbers to the relative importance of 
influences.
• Score Method 2; find governing equations to calculate the influence.
The main questions addressed in this research will be: How can all of the influencing 
factors be brought together in a single tool for the assessment of contaminated land? 
How is a single number produced? Is it right to do reduce the problem to just one 
number?
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4.3  P h y s ic a l O b s tru c t io n s  to  B ro w n f ie ld  D e v e lo p m e n t
To construct on previously developed land there is often more to contend with than just 
contamination. The TGP projects worked on over the present 6-month period have 
highlighted some of the physical challenges in brownfield development and specifically 
the variability of the key issues even within the same general ‘type’ of problem. For 
example the two hotel developments worked on in this 6-month period, Silken and Park 
Plaza. Both were similar in nature but had completely different development issues.
A potential research area is in comparing the available modelling techniques in terms of 
both accuracy of modelling the site and time to set up and run the model (essentially cost 
based analysis). This may be particularly useful for the Snow Hill station project 
described above.
4 .4  O th e r  In te re s t in g  T o p ic s
A number of other interesting topics have been noted in the previous progress report and 
are listed below. A brief outline of these potential projects is given below in the form of 
research questions that could be addressed should the topics be taken on further. It 
should be noted that there is a need for further literature reviews and assessment of 
potential knowledge gaps with these topics before they can be investigated fully.
Legislation Change and Assessment Criteria
Research Questions; Does it matter what assessment criteria are used? Would the site 
have the same classification regardless of the changes in legislation (or even if it were in 
another country)? Can International assessment criteria be applied in the UK and are 
they valid? Further questions could be relating to the interaction of different assessment 
regimes: waste acceptance criteria and contaminated land assessment are two 
examples.
Scotland vs England and Wales
Research Question; TGP are involved both north and south of the boarder and a 
particular interest to the company would be the differences in practices and acceptable 
activities in the two countries. Do the Scottish Environmental Protection Agency (SEPA) 
and the Environment Agency (EA) entirely agree or are there differing opinions on 
acceptable activities between them?
Current Best Practice: Contaminated Land Assessment
Research Question; How are different consultancies interpreting the guidance for 
assessment of contaminated land? Would it make a difference which company was 
asked to carry out the assessment (classification of material and ultimately cost)?
A questionnaire could be used to gather information from a range of companies and 
engineers. Is there a difference in the way that different disciplines (chemists / ecologists
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/ engineers / environmental scientists) look at the problem of contaminated land and how 
is the guidance applied in reality?
Site Investigation Design
Research Question: How many boreholes are required and how many tests should be 
carried out to supply sufficient information to complete a risk assessment? What is the 
cost-benefit relationship? Can screening tests be effectively used as a stage one 
investigation, and what are the techniques available?
Lab Test Results
Research Question; How accurate are the test results received by consultants, and what 
is the implication of the variability in results to the classification of a site? If the 
concentration levels reported are + -10%, for example, what difference would this make?
TGP Knowledge Management
Research Question; What is the current knowledge base and how can knowledge be 
captured and distributed through the company?
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5.0 Summary
This period has covered both TGP live projects and research work. The former has 
predominantly involved overcoming technical difficulties associated with existing 
structures on previously used land being developed. The research undertaken in this 
period has been based on a single volume estimation technique, namely grid and logic 
test. This method attempts to deal with the problem of immobile contamination. A 
methodology has been suggested that involves the site being overlain by a regular grid 
and then each cell assessed for likelihood of contamination. The assessment is based on 
a number of criteria to identify the likely level of contamination of material. This method 
requires further development and testing against site data. It has been noted that this will 
require qualitative assessment of the sample depth and material logged in the boreholes 
taken on site. A number of other areas required development to ensure that the method 
is robust are; dual certainty issues; with regard to amount of data on the site and the 
relationship between site test data and acceptable limits, and how to represent the 
probability that the estimated volume is accurate; is it possible to calculate a statistical 
probability or are more general risk parameters more appropriate (high, medium or low 
probability)?
Beyond the current project the prominent areas of research that have been identified for 
development are:
- Risk assessment using interaction matrices to bring together all of the influencing 
parameters in contaminated land risk assessment.
- Assessment of physical obstructions in the ground that pose challenges for 
redevelopment.
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6.0 Conclusion
This period has covered both live projects and research work, alongside other activities 
related to more general environmental and business development matters. Volume 
estimation is a real and challenging issue, especially for the immobile contaminants 
where established interpolation techniques cannot be applied. An alternative solution has 
been looked at through the grid and logic test methodology proposed in this report. The 
other methods investigated (ArcGIS, Surfer and areas of influence) provide a range of 
theories that can be compared.
Volume estimation is one part of the process of dealing with contaminated land, and the 
tools suggested here might be adaptable to other areas, such as site investigation design. 
The next priority will be dealing with physical obstructions to development. As with this 
period, other areas of interest and potential projects may immerge and will be considered 
on their own merits and developed as appropriate.
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APPENDIX A
PROJECT BRIEF
Natalie Cropp
Surrey/B rune i EngD  in  E nv ironm enta l Techno logy
Research Project Description
Project Title:
Regenerating the brownfields: the development of methods and procedures 
for remediating previously used sites for future development _________
University Supervisor (name and dept):
Supervisors: Dr Rick Woods, Dr Emma Hellawell 
Department: Civil Engineering
Tel: 01483 689248 E-mail: r.woods@surrev.ac.uk. e.hellawell@surrev.ac.uk
Project description, including a statement of the aims:
The regeneration of urban areas requires the sustainable remediation of brownfield 
sites. In addition to the chemical and biological hazards that may exist on such sites, 
a major constraint to any remediation process is the existence of physical hazards. 
These may include buried structures, underground tanks, voids (particularly 
associated with former mining activities) spoil heaps, and poorly compacted fill 
material.
A further challenge in brownfield regeneration is the.reduction of the waste volumes 
generally disposed of in landfill. This waste can be found on many sites as a bi­
product of the former site processes (e.g. spoil heaps in mining), or may be created 
by the remediation process - particularly from “dig and dump”, which is still a popular 
remediation option. Increasing landfill costs, reduction in landfill volume and new 
legislation means it is vital to find alternatives to this unsustainable disposal option.
This project will address the geotechnical problems associated with buried hazards 
and waste materials on brownfield sites. The work will investigate methods to 
overcome these hazards and reuse the waste, to enable redevelopment of the site^
A key focus of the research is to incorporate the waste material (through remediation 
and reuse) as a fundamental part of the design process for the redevelopment of the 
site. The research will include:
1. Assessment of current and new remediation techniques and their applicability for 
UK brownfield sites - in particular, former mining sites.
2. Assessment of underground hazards on brownfield sites, including voids, with 
particular reference to their impact on design.
3. Evaluating waste on brownfield sites with the aim of using the material onsite.
This would include:
a) classifying the waste in terms of biological and chemical contaminants and 
its geotechnical properties,
b) determining appropriate remediation for the material so that it can be reused 
in situ
c) using appropriately treated waste material in geotechnical operations"
An important part of the research will be to evaluate the role of advanced numerical 
modelling and other.geotechnicai tools (e.g. geomatics) in assessing various options 
during the design process for such brownfield sites.
Why the project is considered to be Environmental Technology:
S urrey/B rune i E ngD  in  Env ironm enta l Techno logy
The project is considered to be environmental technology due to its emphasis on 
brownfield regeneration to facilitate future development. This will be achieved by 
reducing brownfield waste for landfill by remediating and reusing the material onsite 
and incorporating it within the design process. This will also reduce the need for high 
quality geotechnical material to be quarried and transported to sites for backfilling 
voids. The project will therefore help promote the sustainable development of 
brownfields, which is central to UK land use policies.
Description of the areas of originality in the project:
Incorporation of former waste material within the design process for site development 
represents the originality of this research project. Generally, remediation is 
considered separately from the site development, thus losing the potential for 
designing with the waste material and avoiding the need for landfill disposal.
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RESEARCH PROJECT CHECKLIST
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Executive Summary
Previously developed land (PDL), also referred to as Brownfield land, is increasingly being 
targeted for development in the UK; some of this land will be contaminated as a result of 
historical land uses. In addition to development, local authorities are required to ensure 
that the land in their district is suitable for its current use. As a consequence risk based 
contamination assessments are carried out and remediation measures designed where 
necessary on sites nationwide. The cost of this remedial work has been inflated in recent 
years moving away from ‘dig and dump’ due to changes in legislation in the UK 
(predominantly co-disposal of waste to landfill and landfill tax increases) increasing the 
need for efficient designs. In addition to chemical contamination, there various physical 
underground hazards may also have to be considered in the development of PDL; existing 
foundations, mine workings and underground tanks being just a few examples. In 
addressing both of these barriers; chemical and physical barriers, the project will help 
promote the sustainable development of Brownfield land, which is central to UK land use 
policies.
A im s  and O b je c tives
The aim of the research is to optimise the design processes used to overcome barriers to 
Brownfield development and minimise impact on the environment from these activities.
The project aim will be achieved through the following objectives addressing two key 
aspects of Brownfield development; contaminated land and physical obstructions;
1. In contaminated land, the assessment of volumes of contaminated material is 
critical to designing remediation measures for a site. The objective for the first part 
of the research has been to improve the process by which volumes of 
contaminated material are calculated. Improvements in accuracy at the design 
stage can reduce wasted resources on site at the construction stage. The 
following points outline the method of approach for this objective:
a. Investigation of a range of methods for assessing the volume of 
contaminated material on a site and comparing these methodologies for a 
specific case study.
b. Developing a new assessment tool (Grid Assessment Methodology for 
Contaminated Land) and validating the method for a specific case study.
2. The application of numerical modelling to optimise the design of remedial 
measures for physical hazards found on PDL.
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C o n tr ib u tio n  to  K now ledge
The Grid Assessment (GRASS) Method for contaminated land contributes to knowledge 
in the following ways;
1. The method offers an alternative to inappropriate application of geo-spatial 
statistics for interpolation of immobile contaminant data with little spatial 
dependence.
2. The method uses both quantitative and qualitative data to apply contamination 
levels to un-sampled locations across the site. Weighting the information in a 
transparent way based on the ability of the data to accurately predict 
contamination levels will form the basis of the uncertainty assessment.
3. The certainty of the volume of material to be treated will be assessed allowing 
transparent and defendable contingency planning for remediation costing.
4. Unlike many purely statistical techniques, the process is easy to understand and 
use by industry practitioners. The method also has a use for sites where actual 
test data is sparse, common at early stages in the design process.
Further to this, the proposed future research will address knowledge gaps in the current 
design methodologies for dealing with underground hazards that are often found on 
previously developed land. The project is considered to be environmental technology due 
to its emphasis on Brownfield regeneration to facilitate future development.
P u b lica tio n s
1. Volume Estimation Techniques for Contaminated Land
The paper will present the work described in Section 3.2 of this report. The volume 
estimation techniques used for contaminated sites will be described and applied to a 
former gas works site in London. The aim of the paper is to illustrate how variable the 
calculated volume of material may be and how this will directly affect the remediation 
costs for a project. The results of the comparison will allow for a critical review of the 
applicability of the techniques and their level of complexity.
Target Journal: Journal of Environmental Management (Springer)
2. Grid Assessment (GRASS) Method for Contaminated Land
The paper will present the work described in Section 3.3 of this report. The paper will 
outline the new methodology highlighting the use of qualitative data and the certainty 
aspect of the work. The method will be applied to a large and small site and the results of 
the application discussed. Target Journal: Geoderma (Elsevier)
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1.0 Introduction
In the UK there are large areas of previously developed land (PDL), also referred to as 
Brownfield land, which offer a potential solution to the struggle between the need to 
develop and expand urban living, and the desire to protect the environment and. The 
government has set a target of 60% of the 1.1 million new homes required by 2016 are to 
be built on Brownfield land (Defra, 2005a) highlighting the importance of PDL as a 
resource for UK development. There is debate as to whether or not the development of 
housing on Brownfield land is preferable to Greenfield sites and what the best method to 
house a growing population actually is (Pacione, 2004). Nevertheless there is a 
continuous need to develop on land, and there is a finite amount of land to develop on. 
Brownfield sites offer a solution to this imbalance, at least in part.
Some of this Brownfield land however, has been subject to polluting industries in the past 
leading to contamination of the soil. Two prominent drivers for evaluating the extent of 
contamination on a Brownfield site are; (i) planning for new developments and (ii) the legal 
requirement for land to be suitable for its current use under Part IIA of the Environmental 
Protection Act (1990) (ODPM, 2000a). A detailed review of the UK legislation relating to 
contaminated land can be found in Appendix A. Under the current regime in the UK, 
contaminated land assessment is a risk-based process centred on the ‘source-pathway- 
receptor’ model, described in detail in Appendix B. The data used to complete a 
contaminated land risk assessment will include qualitative and quantitative information 
about the site. A key information source is site investigation (SI) data whereby 
contamination levels are identified at discrete locations across a site.
Once a site has been assessed as contaminated then remedial treatment of some kind is 
required. The aim of such remediation is to break the ‘source-pathway-receptor’ link. In 
the cases where the remediation targets the source of contamination the amount of 
material to be treated can be critical to the viability of the development.
Treating contaminated soil is a cost to the developer and one that needs to be minimised. 
To this end it is clear that the calculation of volumes of material is essential for 
contaminated land development. Typically the methods used to estimate contamination 
levels across a site, involve the use of spatial statistics to interpolate between site 
investigation data points. A review of some of the available methods for assessing the 
extent of contamination on a site has been undertaken along with the some alternative 
methods; described in Section 3.0 of this report. Existing assessment tools tend to focus 
on the interpolation of site test data through geo-spatial statistics. This is not appropriate 
for immobile contaminants that do not have strong spatial dependence, heavy metals for 
example.
The aim of the first phase of this research is to produce a computer based tool to aid 
interpretation of site data for remediation design; “Grid Assessment (GRASS) Method for 
Contaminated Land’. The process has been described in detail in Section 3.2 of this 
report. The tool uses both qualitative and quantitative data for the site to identify possible
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pollutants and areas with elevated contamination levels. The combination and 
interpretation of this information will enable an assessor to gauge the volume of 
contaminated soil that requires treatment. The inclusion of a certainty analysis was 
recognised as an important requirement for the final assessment tool. In remediation 
design, a fraction of the costs are set aside as part of the contingency to deal with 
unforeseen contamination. Accurate evaluation of contingency is vital in costing or 
tendering for the remediation contracts as errors can lead to large losses from remediation 
consultants or contractors. It is the addition of certainty analysis and the direct use of 
qualitative data for immobile contamination that are the key differences between this and 
other contaminated land assessment tools.
Section 4.0 outlines the proposed future research for this project for the remaining two 
years. This involves the validation of the GRASS Method and inclusion of possible 
development opportunities. However, it is important to note that the chemical 
contamination issues associated with Brownfield development are only part of the overall 
problem. Physical hazards are likely to be found on many Brownfield sites, taking the 
form of hard obstructions in the ground such as concrete foundations, or voids such as 
underground storage facilities, abandoned mine workings etc. The second part of this 
research will incorporate the use of geotechnical numerical modelling to refine the design 
of remedial measures required to deal with physical hazards.
Appendix H contains a review of the time spent on the above and all other activities over 
the last 2 years and a plan for the work to be completed over the final research period.
Natalie Cropp
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2.0 Literature Review
This section of the report includes an updated summary of the key points from the main 
literature review completed in the initial stages of the research project. The key subject 
areas covered are as follows;
1. Summary of legislative background to contaminated land in the UK. Detailed 
review is included in Appendix A.
2. Summary of best practice contaminated land assessment in the UK. Detailed 
explanation of the approach has been included in Appendix B
3. Design process for developing on contaminated land
4. Contaminant behaviour in the ground and some of the adverse effects of key 
contaminants. Contaminant mobility and persistence is described in more detail in 
Appendix D
5. Interpolation of site data; available techniques and tools.
2.1 Contaminated Land: Legislation (UK)
It is essential to understand the legislative context in which contaminated land 
assessment and remediation design is carried out in the UK. Legislation is a key driver for 
any change in industry, as companies must constantly comply with the law and as 
legislation changes so must their practices. A detailed review can be found in Appendix 
A. The two key pieces of legislation relating to contaminated land in the UK are;
• Part IIA of Environmental Protection Act (1990) (referred to as Part IIA) (ODPM, 
2000a) -  concerned with the current use of a site. Power is given to the Local 
Authority and the EA (for special sites) to ensure that ‘contaminated land’, as 
defined in the legislation, is cleaned up.
• Town and Country Planning Act (1990) (ODPM, 1990) -  concerned with the 
development of a site, and as such considers the current use, development 
activities and the future proposed use for the site.
There are many interactions and overlaps between these two elements as well as other 
legislation applicable to the UK. It was noted by Rivett et al. (2002) that prior to the 
implementation of Part IIA (in 2000) that industry was wary of the implications it was going 
to have. In the current situation, very few sites are being remediated through Part IIA 
remediation notices (Defra, 2006), the vast majority of remediation is carried out through 
site development (Defra, 2004b) under planning regulations (ODPM 1990). The 
preference for development over enforced remediation allows for the cost to be offset by 
the financial gains that can be made from the new development, clearly a step in the right 
direction to achieving Brownfield redevelopment targets. It can, however, be argued that
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the government have implemented a brownfield development regime that sends a mixed 
message to industry. There is a balance to be struck between government control 
through legislation (ODPM, 2004a) and encouragement through policy (Defra, 2005a). 
What is clear is that efforts have been made to protect the environment from future harm, 
whilst at the same time dealing with the legacy of contaminated land from our industrial 
past.
2.2 Contaminated Land Assessment: Best Practice (UK)
The technical design and assessment techniques used in the UK are reflective of the risk- 
based approach outlined in the legislation. This is a positive step away from the target- 
based approach presented by ICRCL ‘trigger values’, withdrawn in 2002 (Defra, 2002a). 
The main guidance currently available has been produced by Defra and the EA through 
the Contaminated Land Reports (CLR 7-10) which form the basis for the Contaminated 
Land Exposure Assessment (CLEA) Model. In addition to these, the most recent report, 
CLR 11 (Defra, 2004a), provides a useful framework to be followed when dealing with 
contaminated land. All of this guidance is exclusively focused on the protection against 
chronic human health effects.
The guidance available goes some way to aid design; however there is still work to be 
done. Currently, just nine contaminants have published Soil Guideline Value (SGV) 
Reports offering a generic limit value for typical land use scenarios. A further twelve have 
toxicological reports, containing either Index Doses or Tolerable Daily Intake (TDI) levels 
(dependant on the contaminant) (EA, 2006b). This guidance is currently under review by 
the SGV Taskforce set up by the government to ensure that policy, technical and scientific 
issues are resolved together to produce cohesive guidance for industry - currently not the 
case. One key issue being addressed is the fact that SGVs do not meet the legal test 
under Part IIA (Defra, 2005b). Within Part IIA contaminated land is defined as land which 
has significant possibility of significant harm. However, SGVs represent levels of 
acceptable risk from contamination - so how far above the SGV does the contamination 
have to be before there is a significant possibility of significant harm - i.e. an unacceptable 
risk? The Defra have published a guidance note explaining why SGVs cannot be directly 
used to meet the legal test in Part IIA but have not yet outlined what can be used (Defra, 
2005b).
It should be noted that CLEA is not the only exposure assessment tool available in the 
UK, the EA have provided guidance on the use of several others: SNIFFER, RISC, RBCA 
to name a few (EA, 2000). The EA are tentative in accepting alternative risk assessment 
methodologies mainly due to variances in basic techniques.
2.3 Contaminated Land: Development Process
The process of developing any site will involve; conceptual design and feasibility, planning 
stages where the key elements of the design are developed and amendments are made 
to meet planning regulations (ODPM, 1990), detailed design and construction (HSE,
10
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2004). For Brownfield sites the issue of contamination can affect all stages of the 
development from the initial concept design right through to the methods of working on 
site during construction, reflected in guidance and standards available (EA, 2001; Defra, 
2004a; EA & NHBC, 2000; BSI, 2001; Site Investigation Steering Group, 1993; Nathanial 
eta!., 2002; HSE 1991; EA, 2004).
Contaminated land assessment is a multi-phase process in itself (Nathanial et a!., 2002), 
and one that will develop alongside the design of a development. As noted in Section 
2.2, contaminated land assessment is based on the concept of pollutant linkages (ODPM, 
2000a). To assess the pollutant linkages present on any particular site a conceptual 
model is set up (Nathanial et a/., 2002). This will develop over the design process as 
more information becomes available. Similarly, the assessment of sources of 
contamination, in terms of both concentration and extent across the site, develop through 
the design process reflecting the increased availability of information. The information 
used is predominantly site investigation data which include ground investigations as 
defined in BS 6100 (No 221 2272 and 221 2273) (BSI, 1992); going to site, digging holes 
(boreholes, trial pits etc) and taking samples of the soil groundwater and gases for testing 
of both chemical and physical properties (Nathanial etal., 2002).
The development of a contaminated site will inevitably involve some form of remediation 
or adaptation of the design to mitigate the risks from the contaminants in the ground 
(ODPM, 2004b). The traditional methods for dealing with contamination in the UK have 
been to excavate the offending material and dispose of it in landfill, termed ‘dig and 
dump’. A survey conducted by Rivett et at. (2002) showed 80% of remediated sites 
between 1996 and 1999 used ‘dig and dump’. However, this simply transports the 
problem from one location to another and is clearly unsustainable; there is simply not an 
infinite supply of landfill (Wood AA, 1994). In more recent years there has been a move 
for more process-based remediation technologies to deal with the problem (Market and 
Business Development Ltd, 2006). These methods potentially offer more sustainable 
solutions, and also often support the ‘proximity principle’; where waste is to be dealt with 
as close to source as possible (DETR, 2000). The current landfill legislation has imposed 
new controls that limit the disposal of material to landfill (ODPM, 2004a) as well as 
increasing landfill tax (HM Treasury, 2004), offering a clear financial incentive to move 
away from ‘dig and dump’. However, the cost of the alternative process-based 
technologies is still a significant factor in developing a site. This increases pressure on 
designers to come up with the most cost effective development plans and more accurate 
predictions as to the volume of material to be treated.
2.4 Key Contaminants and Behaviour
The current UK guidance on the assessment of contaminated land produced by the 
Environment Agency (EA) and Defra includes a series of contaminated land reports 
(CLR). CLR 8 (Defra, 2002a) is dedicated to identifying the key contaminants that form 
the focus of further guidance on acceptable contamination levels. The key contaminants 
have been selected based on two criteria; the effect on human health and the likelihood of
11
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occurrence in the UK. It is these substances that have been considered in the first phase 
of research. Appendix C contains a list of the priority contaminants along with tables of 
the land uses most likely to be associated with their presence, as identified in CLR8 
(Defra, 2002a). Recent statistics published by the EA show that by far the most common 
contaminants are metals and hydrocarbons, based on data for the sites identified by local 
authorities as being contaminated (EA, 2006a). It is clear that metal contamination is a 
current and important problem for contaminated land development. Metal and other 
immobile contaminants form the focus of the first phase of research.
An understanding of the way in which contaminants behave in the soil environment is 
necessary for contaminated land assessment, specifically in determining the extent of 
contamination across a site. Appendix D contains a table outlining some of the factors 
affecting two key properties; mobility and persistence.
The fate and transport of contaminants in the subsurface is dependent on a number of 
factors; chemical, physical and biological as well as the specific characteristics of the sub­
surface environment (geology and hydrogeology). Under certain soil conditions the 
adsorption of contaminants will be increased and so decreasing the movement of the 
contaminant through the soil. For many contaminants an increased clay and organic 
content in the soil will increase adsorption. The pH levels of the ground will affect the 
solubility of metal contamination, however not all contaminants or even forms of a 
contaminant are affected in the same way. For example, solubility of trivalient chromium 
increases in acidic conditions, whereas hexavalient chromium has increased solubility in 
both acidic and alkaline conditions. (The above paragraph is based on DoE, 1996)
With regard to the persistence of contaminants, metal contamination is generally not bio­
degradable and in addition heavy metals can inhibit micro-organisms, decreasing the bio­
degradation of other contaminants in the ground. The process of bio-degradation itself is 
complex and can be significantly affected by: moisture content, oxygen content and pH. 
(The above paragraph is based on DoE, 1996)
In addition to the above a number of other factors can be taken into account when 
considering the extent and significance of contamination across a site. Bio-availability is 
defined as “The degree to which a contaminant in environmental media can be 
assimilated by an organism” (Sheppard et al., 2003a). This property affects the potential 
for the contaminant to cause harm to living organisms, and thus the concentration at 
which the contamination should be considered unacceptable.
It is clear that the behaviour of contamination in the ground is complex, yet the extent of 
contamination across a site must be assessed for remediation design. For this reason the 
mobility and persistence of contaminants have been emphasised as key parameters 
directly related to where the contamination is and for how long it will be a problem. The 
first phase of research looks specifically at the immobile contaminants (e.g. heavy 
metals).
Natalie Cropp
12
October 2006
U n i S
Dissertation
Sept 2004 - October 2006
2.5 Interpolation Techniques
A number of interpolation techniques can been used to interpret site investigation data for 
contaminated land assessment. Hellawell et al.{2001) have completed some research in 
this area, concerned specifically with the use of Geographical Information System (GIS) 
raster techniques in assessing contaminated soil volumes (Hellawell et at., 2001). This 
research looked at a variety of spatial analysis techniques in order to estimate the volume 
of contaminated material to be excavated. The recommendations of the authors were that 
the GIS raster technique be developed to aid decision making in not only the volume of 
material to excavate, but also in the application of process based remediation. 
Demougeot-Renard and De Fouquet (2004) have published research into geostatistical 
approaches to assess soil volumes requiring remediation and have validated the 
techniques against lead-polluted sites in Switzerland (Demougeot-Renard and De 
Fouquet, 2004). In this paper the environmental risks associated with incorrect estimation 
of contaminated soil volumes are highlighted along with the financial risks. In this 
research stochastic simulations form the foundation for the geostatistical methodology 
used, allowing both the contaminant levels and the uncertainty to be predicted across the 
site. Parsons and Frost (2002) note that the latter is not commonly accepted across the 
geotechnical community. Their research is concerned more with geotechnical parameters 
than contamination, however the principle remains; data used to assess the properties for 
the ground “represent 1/100,000 or less of the total volume of the soil’ (Parsons and 
Frost, 2002) and consequently significant uncertainty exists as to the actual properties of 
the remaining soil volumes. There is a clear issue with inferring data from small data 
points and applying it across large volumes of material; however, this is currently the best 
available method for establishing the contamination levels across a site. The sample 
frequency used in site investigations will vary depending on the stage of development and 
level of risk from contamination. Sampling frequencies are recommended by British 
Standards Institute (BSI) (BSI, 2001) and CLR 4 (DoE, 1994a). Demougeot-Renard et al. 
(2004) note that a second phase of soil sampling is often required reducing the 
uncertainty of contaminated land assessment. However, they rarely focus on the needs of 
geo-spatial statistical interpolation methods, the paper presents an alternative method for 
specifying a second phase of sampling. Demougeot-Renard et al. (2004) also note that 
for pollutant distributions that lack structure, additional sampling doesn’t reduce the 
uncertainty. The spatial structure of contaminant distributions can be weakened by 
human effects and in these cases it is the extrinsic factors that need to be considered in 
predicting its extent (Liu et al., 2006). These extrinsic factors will include the more 
qualitative data such as site history.
In tender designs the information may be even more limited than final designs but the 
need to estimate volumes remains. In cases where there is such a high level of 
uncertainty there is a clear need for transparent and logical methods to ensure that the 
design is defendable and to allow risk based costing. This is even more true in 
contamination testing as ‘hot spots’ of certain contaminants that can occur in relation to 
events in the past that may or may not be documented, and are easily missed in site
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investigations (Nathanial etal , 2002). It is proposed by Parsons and Frost (2002), that an 
assessment of the uncertainty and quality of the site investigation plan be used as 
additional information to aid design decision-making.
The use of statistical methods to assess contamination levels across a site has many 
advantages, however the ability to cross check this information with other qualitative data 
about the site is required to avoid erroneous distributions (Nicholl & O’Brian, 1998). The 
statistical interpolation of the less mobile contaminants, such as heavy metals, presents a 
further challenge. A number of assessment methods have added to the ordinary kriging 
method to improve the estimation of uncertainty and the design of future investigations 
(Demougeot-Renard et al., 2004). Glavin and Hooda (2005), in considering complex 
metal contamination, note that geostatistics require large amounts of data to increase the 
accuracy of the assessment which may prohibit the commercial use of such techniques.
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3.0 Volume Estimation
3.1 Introduction
In any development project that involves the remediation of contaminated land there will 
be a need to estimate the volume of contaminated material to be treated. In the past the 
most cost effective option for dealing with contaminated material was to simply excavate 
the material and dispose of it in landfill, termed ‘dig and dump’ (Rivett, et al., 2002), with 
little drive to minimise volumes. There are a number of draw backs to this approach 
including; the problem is simply being relocated and not solved and the availability of 
landfill is simply not infinite (Wood, 1994). This issue has been magnified by legislative 
changes including the ban on co-disposal of waste (ODPM, 2004a) which limits the 
number of landfill sites suitable for contaminated soil even further. The subsequent rise in 
cost of disposal has opened the door for, previously more expensive, process based 
remediation. It is this overall increasing cost associated with treating contaminated land is 
a key driver for developers to minimise the volume of material to be treated / disposed of. 
This push to limit the remediation to only areas that truly require it leads to a need for 
improved volume estimation techniques. The nature of estimation means that there is 
inevitably some level of uncertainty involved. In the case of contaminated land this is 
predominately related to the limited amount of information available for the assessment 
compared with the complexity of the spatial distributions of contamination across the site 
(Demougeot-Renard, 2004).
The aim of this research is to optimise the assessment of the extent of contamination and 
the certainty of the estimated distribution, to improve the ability of the designer to estimate 
the actual volume of material to be treated. With optimal assessment of the material on 
site, the design of the remediation programme can be targeted to treat only the areas that 
require it, and thus potentially reduce the associated costs.
There are a number of issues that can be addressed to improve the assessment of 
material volumes, from the initial gathering of site data through to the selection of 
remediation technologies. Some of the key issues are associated with:
■ Site investigation: sampling strategies; frequency and location of sampling within 
budgetary constraints.
■ Data analysis: method of interpolation of results to estimate the distribution of 
contamination across the site. Calculation of associated uncertainties with the 
interpolation. Appropriate methods of interpolation between sample points given 
the physiochemical properties of the contaminant under consideration.
■ Remediation strategy: selection of appropriate remediation method to deal with the 
contamination, including contingencies for undiscovered contamination.
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This research focuses on the data analysis stage. Initially a number of existing volume 
estimation techniques were compared with the view to improving the process. This work 
is summarised in Section 3.2 below and described in more detail in Appendix E. 
Appendix F contains an overview of contaminated land assessment software available. 
The second area of research has been to develop and alternative method of assessment 
for less mobile contamination, such as heavy metals, which incorporates all of the 
available site data as well as assessing the uncertainty of the estimated volumes of 
material, described in Section 4.0.
3.2 Available Techniques
The aim for this part of the research has been to assess a range of volume estimation 
techniques and compare their applicability for use for contaminated land. Existing site 
data was used to ensure that the assessment can be easily translated to practical 
applications. In most cases this was from small sites with limited data points.
The methods of volume estimation that have been addressed in detail thus far are:
• ArcGIS
• Surfer v8
• Areas of influence
Other methods considered include; percent contaminated per strata and area of influence 
per borehole. In addition to these methods the grid assessment method has been 
investigated and developed further.
Details of the techniques and their application can be found in Appendix E, summarised 
below.
ArcGIS
Geographic Information System (GIS) offers a tool for displaying and analysing spatial 
relationships between data points. With respect to contaminated land this type of system 
can prove extremely useful.
The data has been selected from an arbitrary site with contamination. The guideline data 
used to assess the level of contamination was Soil Guideline Value (SGV) reports, where 
available. Data was then normalised to the appropriate SGV. The effect of normalizing 
the data gives a quick and obvious view of whether the land is contaminated to a level that 
could pose a risk to human health. This relative view of the contamination level reflects 
the fact that the classification of “contaminated” is not ‘black and white’. Figure 1 below is 
an example of normalisation to SGV values for Arsenic contamination.
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Figure 1: Normalised values for Arsenic contamination as displayed in ArcGIS
The data that has been displayed thus far needs to be converted to a raster surface, to 
produce an overall distribution of contamination across the site. The 3D modules that can 
be used with ArcGIS can then be employed to assess the volume of contaminated 
material. It is intended that kriging be used to interpolate between data points. This 
method of interpolation, in one form or another, has been accepted for some time as 
being applicable for ground contamination (Juang e t al. 2005, Cattle e t al. 2002, Liu e t al., 
2000, von Steiger e t al., 1996). The specific form of kriging most appropriate for the 
contaminants on the site is yet to be determined
Surfer v8
GIS is not currently available within the sponsoring organisation. The following method 
has been developed to replicate the main features of G IS with available software.
Surfer allows data to be plotted and displayed in a number of ways; data points, contour 
plots and 3-dimentional surfaces constitute the three basic options; variations and 
combinations of these are also available. Multiple maps can be overlain or stacked to 
present different data sets together. Areas within a surface and volumes between 
surfaces can be calculated, making the programme ideal for this research. To create a 
map data points are interpolated to produce regular grid using one of a number of
interpolation methods. Kriging has been 
selected for consistency with ArcGIS 
method.
The method involved; interpolating the site 
data and plotting contamination contours 
adjusted to show the areas where the 
observed concentration was greater than 
the selected allowable concentration 
(usually SG V). These areas were then
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